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PREFACE. 


In  laying  the  following  pages  before  the  Public^  it  seems 
necessary  to  state  that  the  design  of  them  is  to  render  more  easily 
accessible  a  greater  degree  of  knowledge  of  the  general  principles 
of  Physics  and  Meteorology  than  is  nsually  to  be  obtained, 
without  the  sacrifice  of  a  grcAtcr  amount  of  time  and  labour  than 
most  persons  can  afford  or  arc  willing  to  make.  The  subjects 
of  which  this  volume  treats  are  very  numerous — more  numerous, 
in  fact,  than  at  first  sight  it  would  seem  possible  to  embrace  in 
so  small  a  compass.  The  Author  has,  however,  by  a  system  of 
most  judicious  selection  and  condensation,  been  enabled  to 
introduce  all  the  most  important  facts  and  theories  relating  to 
Statics,  Hydrostatics,  Dynamics,  Hydrodynamics^  Pneumatics, 
the  Laws  of  the  Motions  of  Waves  in  general,  Sound,  the  Tlieory 
of  Musical  Notes,  the  Voice  and  Hearing,  Geometrical  and 
Physical  Optics,  Magnetism,  Electricity  and  Galvanism,  in  all 
their  subdivisions,  Heat,  and  Meteorology,  within  the  space  of  an 
ordinary  middle-sized  volume.  Of  the  manner  in  which  the 
translator  has  executed  his  task,  it  behoves  him  to  say  nothing; 
he  has  attempted  nothing  more  than  a  plain  and  nearly  literal 
version  of  the  original.  He  cannot,  however,  conclude  this 
brief  introductory  note  without  directing  the  attention  of  his 
Readers  to  the  splendid  manner  in  which  the  Publisher  haa 
illustrated  this  vohmie. 

K.  C.  O. 


LONIMM, 
AQOUST   1847. 
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Qenitral  /^sfcc— The  grand  spcetacic  that  ia  ever  present  to  our 
eyes  in  the  vast  realm  o("  nature  excites  within  ui?  so  ardent  a  thirst 
for  knowledge,  that  we  feci  ourwtlvea  irresistibly  impelled  to  the 
consideration  of*  the  combined  causes  that  have  ])rodueed  these 
wondrous  results.  Such  subjects  fall  within  the  department  of 
natural  philosophy,  whose  task  it  is  to  trace  the  connectiug  link 
between  the  different  |>hcnomena  of  nature,  and,  us  far  as  this  is 
possible,  to  unravel  the  causes  from  which  they  have  originated. 

The  combiut'd  natural  sciences  treat  of  bodies — a  word  which  we 
must  not  receu'e  iu  the  limited  sense  in  which  it  is  understood 
by  the  muthematiciau,  who  tooka  only  to  the  relations  of  space, 
disregarding::  the  matter  that  fills  space ;  while  it  is  to  the  properties 
of  this  very  matter  that  the  natural  philosopher  devotes  hia 
especial  attention.  The  interior  of  bodies  is  closed  to  our  ^Hew, 
their  external  appearance  being  only  made  known  to  us  by  means 
of  what  we  learn  concerning  them  through  our  senses.  Thus, 
a  body,  standing  in  no  connectiou  with  our  senses,  has,  so  far  as 
we  are  concerned,  no  existence;  and  it  is  probable  that  there  is 
still  much  passing  around  us  in  natiire  nf  which  we  have  no 
conception,  from  the  want  of  some  additional  sense  by  which  we 
can  recognise  its  existence. 

The  province  of  the  natural  sciences  is,  therefore,  to  trace  the 
connection  existing  betwi^'u  the  phenomena  bi-ought  within  the 
scope  of  our  knowledge  by  means  of  the  senses,  and  so  to  arrange 
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thcmf  that  they  mny  elucidate  each  other,  and  manifest  the  mutual 
«Ic|M*ij(Ience  existing  bftween  theni.  If  \vc  arc  able  to  trace  a 
phenomenon  in  its  connection  witli  other  phenomena  wc  have 
explained  it;  and  a  natural  law  is  obtained  as  80on  as  the 
un(!liang(*ablc  link  of  connection  existing  between  the  natural 
phenomena  is  undcrstoodj  even  shoidd  we  still  remain  ignorant  of 
the  Hnal  cause. 

Division. — The  vaat  department  of  the  natural  sciences  divides 
itself  into  two  great  branches— NiiUiral  History  and  Nutiiral 
Philosophy.  The  former  teaches  us  to  know  the  nature  of 
individual  objectit,  and  arranges  them  iu  systems  according  to 
their  diffen-nt  cliaractersj  while  the  latter  endeavours  to  lay  open 
the  natural  laws  of  the  material  world. 

By  the  terra  /jAy««,  wc  undei-stand  that  bmnch  of  the  natural 
scieneea  whicb  treats  of  phenomena  which  do  not  depend  n])on  a 
change  of  the  constitution  of  bodies;  the  latter  falling  under  the 
head  of  chemistry. 

As  may  be  readily  eonceivcd,  it  is  not  always  easy  to  trace  with 
accuracy  the  Une  of  demurcatiou  between  these  two  sciences. 
They  are  most  intimately  connected  with  each  other,  in  some 
measure  even  forming  one  whole,  which  appear.^  to  have  been 
divided  chiefly  owing  to  its  embracing  so  wide  and  increasing  a 
field  uf  oh  serration. 

Afethoti. — Wc  must  now  point  out  the  manner  in  which  the 
student  may  attain  to  a  knowledge  of  the  laws  of  nature,  and  by 
what  means  the  facta  already  ascertained  have  be«n  acquired.  The 
sources  of  knowledge,  as  well  as  the  methods  of  acquiring  it,  are 
not  and  cannot  be  the  same  for  all  sciences.  The  mathematician 
may,  starting  from  his  own  self-acquired  conceptions,  develop  hia 
science  wholly  out  of  himself;  and  wc  might  even  conceive  the 
possibility  of  a  man  shut  up  within  four  walls,  and  separated  from 
all  communication  with  the  outer  world,  constructing  the  whole 
science  of  mathematics  from  his  own  ideas  of  space  and  number.'*' 


*  [We  find  the  >une  iilu  exprnted  Ln  ncaiij  the  ftuuc  vonis  in  Ilrnchrt't 
bMutUfu]  Effuy  "  Oa  the  Siuily  of  Xktunl  Philotnphy :"— <*  A  etever  man,  shut  op 
■lone,  Mid  illowed  iinUmite<l  lime,  might  muon  out  for  hini>e]f  ill  the  truths  of 
matlMTtuUici  hy  (irocrcdititf  from  thotc  limple  notion*  of  ipice  and  number,  nf  which 
he  cannot  divp^t  hiniirir  without  ceaiing  to  think.  But  he  ooutil  ucvrr  tril  hy  any 
effort  uf  re«»oning  what  vroidd  *nxflme  of  a  lump  of  lugar  if  iinnicriicd  in  water,  or 
what  iniprrMiofi  wouM  tie  iirotliiLTd  on  liia  rye  by  mixing  the  coluun  yellow  md 
Slue."  I».  7«,J 
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Seen  from  this  point  of  Wcw,  mathematics  is  a  purely  speculative 
science,  the  very  reverse  of  natural  philosophy,  which  treats  of 
objects  that  solely  and  alone  come  to  our  knowIcdg:c  through  the 
perceptions  of  sense  and  in  the  course  of  cxperieucc 

The  ancients  were  wholly  unacquainted  with  any  science  of 
natural  investigation  that  was  based  upon  experience ;  and  hence 
their  philosophical  speculations  upou  the  world  in  general,  and 
upon  the  rise  and  origin  of  all  material  objects,  arc  nothing  but 
confused  conjectures,  and  possessed  of  little  value,  frequeutlv, 
indeed,  standing  in  direct  opposition  to  fact  and  experience. 

Even  in  the  middle  ages  the  natural  sciences  were  nnt  much 
more  developed,  partly  because  the  human  mind  was  cUrected  in 
other  channels,  and  partly  because  the  Aristotelian  philosophy  was 
held  in  such  high  esteem  that  all  inquiries  and  progress  were  alike 
checked. 

Galileo  was  the  first  to  enter  the  path  of  practical  experiment, 
and  Bacon  showed  that  there  was  no  other  road  that  would  lead  to 
a  knowledge  of  the  laws  of  nature. 

The  only  source  from  whence  we  can  draw  our  knowledge  of 
nature  is  the  perception  of  the  senses, — practical  ex(>erienee, — 
observation.  Hence  wc  derive  the  materials  which  must  be  united 
and  worked  into  a  science  by  our  mental  acti^-ity. 

Wc  derive  our  scieutiiic  perceptions  cither  from  changes  effected 
by  nattirc  itself,  or  we  designedly  place  bodies  in  those  conditions 
that  may  call  forth  certain  phenomena.  In  the  first  case  we  make 
observations ;  in  the  second,  experiments. 

By  means  of  good  observations,  and  judiciously-conducted 
experiments,  we  leam  to  know  the  external  connection  of  the 
phenomena  of  nature.  And  this  connection  is  what  wc  term  a 
natural  law. 

By  the  aid  of  experiments  we  may  arrive  at  a  knowledge  of 
these  laws,  even  while  wc  remain  wholly  unactpiainted  with  their 
internal  connection,  and  with  the  nature  of  forces. 

The  law  of  the  refraction  of  light  was  known  long  before  any 
correct  idea  was  formed  as  to  the  nature  of  light ;  and,  in  the 
present  day,  we  know  the  laws  of  the  distribution  of  electricity, 
but  we  have  little  or  no  knowledge  eonceming  the  nature  of 
electricity  itself. 

It  is  only  the  external  connection  of  things  that  can  l>c  discovered 
by  perception ;  and  wc  can  hazard  nothing  more  than  hypotheses 
as  to  the  internal  causes  of  phenomena,  or  the  origin  of  the  forces 
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from  which  they  are  educed.  These  hypotheses  are  like  questions 
which  we  put  to  Nature,  but  the  answers  she  gives  are  not  simply 
"  yes"  and  "  no ;"  but  it  can  be  so,  or  it  cannot.  Nevertheless, 
from  these  hypotheses  deductions  may  generally  be  drawn  which 
can  subsequently  be  confirmed  or  refuted  by  further  observations. 
In  proportion  to  the  number  of  facts  that  can  be  explained  by 
help  of  an  hypothesis,  and  the  more  we  can  confirm  it  by  new 
observations,  the  greater  probability  does  it  acquire. 

In  aD  branches  of  physics  we  shall  find  examples  of,  and  evidence 
favouring  the  correctness  of  these  views. 
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GENERAL    PHOPERTIES    OP    BODIES. 

As  PBYSics  treat  of  bodies,  it  is  mo»t  essential  to  form  to 
oneself  tt  represeutatiou  of  the  nature  of  those  bodies,  and  this 
object  is  tlic  most  readily  attained  by  the  consideration  of  those 
general  properties  which  we  observe  to  exist  in  all  bodies,  whatever 
other  differences  they  may  manifest. 

Thus,  it  is  essential  to  the  existence  of  a  body  that  it  occu])y  a 
limited  sjiBCc,  possess  the  property  of  extension,  and  that  no  other 
body  oeeapy  the  same  space  at  the  same  time ;  this  latter  condition 
indicjiting  the  property  of  impenetrability.  Besides  these  two 
properties,  without  which  wc  can  furn>  no  conception  of  matter, 
we  observe  other  general  projwrties,  as  divisibility,  cxtensibUity, 
compressibility,  porosity,  inertia,  and  graWty. 

Dwisibiiity. — As  far  as  our  experience  goes,  we  find  that  all 
bodies  ai'c  divisible ;  that  is,  they  may  be  divided  into  smaller  and 
still  smaller  particles.  Here  the  cpicstion  anscs : — Mliat  are  the 
limits  of  this  diusibility  ?  And  again : — Do  we  by  continued 
reJuetion  arrive  at  particles  which,  although  still  perceptible  to 
the  senses,  arc  incapable  of  being  further  divided?  Experience 
furnishes  us  with  the  reply,  that  divisibilitj'  continually  oversteps 
the  limits  of  sensible  perccj)tion.  As  an  instance  of  extreme 
divisibility'  we  may  adduce  musk,  which  will  cuntinue  year  after 
year  to  fill  an  sportment  with  the  most  intensely-penetrating  odour, 
without  any  perce[>tible  loss  of  weight. 

Chemically,  compound  bodies  afford  the  best  evidence  that 
divisibility  passes  the  limits  of  sensible  perception.  In  cinnabar, 
for  example,  which  is  composed  of  mercury  and  sulphur,  and  may 
eajiily  be  sej)arated  into  these  constituents,  we  are  unable  to 
distinguish  small  particles  of  sulphur  and  mercury  from  one 
another;  even  under  the  beat  microscope  it  ap|>oars  to  be*  perfectly 
homogeneous  mass. 
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But,  although  divisibility  extends  far  beyond  the  linuts 
perceptible  to  sense,  it  must  not  be  aasuuied  that  it  is  wholly 
unlimited ;  for  to  adopt  such  an  assumption  were,  in  other  words, 
to  admit  that  the  size  of  the  tdtiiiiatc  undivisiblc  particle  is  null, 
while  it  is  evident  that,  if  the  ultimate  particle  have  no  extension, 
it  cannot  enter  into  the  composition  of  bd  extended  body. 

It  is  upon  these  considerations  that  the  natural  philosopher 
bases  the  hyimthesis  that  all  bodies  arc  composed  of  minute 
fiarticles,  which  cannot  be  fm'ther  disintegrated,  but  are  undivisible, 
and  therefore  termed  atoms. 

This  fundamentttl  view  of  the  constitution  of  bodies  is  now 
universally  embraced  by  the  natural  philosopher,  and  the  chemist, 
aa  the  atomic  thtflry. 

In  speaking  of  small  particles,  without  actually  wishing  to 
deftignat«  them  as  ultimate  portions  or  atoms,  we  generally  make 
uae  of  the  term  molecules,  which  is  synonymous  with  particles 
of  a  mass. 

Exienitibiiittj  ami  Compressihiliti/. — A  second  general  properly 
IS  cxtensibdity,  on  which  depends  compressibility.  The  same 
body  docs  not  always  possess  a  similar  volume,  since  it  may  be 
diminished  by  pressure  aiid  cold,  and  enlarged  by  expansion  and 
heat.  If,  then,  wc  assume  that  the  atoms  are  invariably  the 
same,  wc  can  only  explain  extensibility  on  the  hypothesis  that  the 
atoms  arc  not  in  immediate  contiguity  with  each  other,  but  are 
separated  by  interstices,  according  to  the  enlai'gcmeut  or  diminution 
of  which  the  volume  of  the  body  changes. 

PoroiHtf. — The  interstices  which  occur  between  the  different 
particK's  of  bodies  arc  named  pores ;  and,  if  we  apply  the  same 
term  to  the  interstices  between  the  atoms  of  bmlies,  it  is  evident, 
from  what  has  been  already  stated,  that  every  body  is  porous,  and 
that  porosity  is  therefore  a  general  property.  In  common  speech, 
however,  wc  understand  by  the  term  pore  an  interstice  sufficiently 
large  to  admit  of  the  passage  of  fluids  and  gases ;  aud,  according 
to  tliis  definition,  jmroeity  is  certainly  not  a  general  property.  A 
Kponge,  all  artificial  textures — chalk,  pumice,  &c.— are  porous  in 
the  remtncted  sense  of  the  word. 

Different  Nahtrc  of  AtojM. — After  developing  the  fundamental 
idea  of  the  atomic  theorj*  by  the  consideration  *tf  divisibility  and 
exlensibility,  we  will  pasH  to  the  observation  of  the  mode  in  which 
different  bodies  arc  formed  from  atoms,  and  next  cousidcr  tho 
remaining  common  properties  of  matter. 
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Wc  find  that  th«re  arc  in  nature  a  numbi.T  of  bodies,  the 
jiroperties  of  which  art:  so  diffci-cnt  that  we  must  necessarily  assume 
that  the  atoms  of  which  they  arc  composed  likewise  differ  in  their 
nature.  If,  for  instance,  we  consider  sulphnr  and  lead,  we  find 
that  the  relations  of  these  two  bodie»  are  remarkably  different,  a 
fact  which  can  only  be  explained  by  the  hypothesis  that  the  atoms 
of  Hulphur  are  not  of  the  same  nature  as  those  of  lead. 

Most  Ixjdies  are  not  composed  of  homogeneous  parts,  but  of 
such  us  differ  among  tliemselves,  even  where  they  appear  to  be  of 
like  nature,  as  we  mentioned  in  the  ease  of  cinnabar,  which  is 
composed  of  sulphur  and  mercury  ;  and  as  in  water,  which  we  find 
to  be  a  compound  of  oxyj^en  and  hydrogen ;  and  in  common  salt, 
which  is  composed  of  chlorine  and  sodium.  Bodies  such  as  these 
arc  said  to  be  chemical  compounds,  in  contradiatiuctiou  to  those 
which  are  not  capable  of  being  decomposed  into  different  consti- 
tuents, and  which  ai'C,  therefore,  called  simple  bodies,  or  elements. 
There  are  fifty-five  or  six  of  such  simple  bodies  or  elements, 
which  hitherto  at  least  have  not  been  found  to  admit  of  further 
decomposition.  The  consideration  of  these  elements,  and  of  the 
mode  in  which  they  cuter  into  the  composition  of  other  bodies, 
falls  withiu  the  province  of  chemistrj'. 

Aggregate  Condiiiong. — In  addition  to  the  above  differences  of 
bodies,  we  obscne  others,  which  depend,  not  upon  a  difference 
in  their  constituent  parts,  but  upon  the  manner  in  which  the 
particles  arc  united.  Thus  one  and  the  same  substance  may 
assume  totally  different  forma,  as  water,  which  is  solid  when  it 
appears  as  ice,  tluid  as  water,  and  gaseous  as  steam.  Without 
changing  its  composition,  we  may  convert  water  into  ice,  and  ice 
iuto  water— vaporize  water,  and  again  condense  it. 

All  bodies  with  which  we  are  acquainted  are  in  one  of  these 
three  conditions,  cither  solid,  Huid,  or  gaseous  (aeriftjmi). 

Solid  bodies  have,  independently  of  the  slight  changes  effecte<l 
on  them  by  heat,  a  constant  volume  and  an  independent  fonn ; 
and  it  requires  a  greater  or  lesser  amount  of  force  to  divide  a  solid 
body.  Thus  it  is  impossible  to  compress  a  piece  of  iron  to  the 
half  or  the  third  of  its  volume,  or  make  it  fill  a  space  twice  or 
three  times  as  great  as  it  occupies,  it  being  only  by  extreme  force 
that  we  are  enabled  to  change  its  form  or  to  divide  it. 

Fluids  have,  in  the  same  sense  as  solid  bodies,  a  constant 
volume;  that  is,  although  they  may  be  slightly  compressed  by 
stmng  jireasure,  or  somewhat  expanded  by  the  acti**^  "I  hcut,  the 
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change  of  volume  thun  iudua-d  is  very  inconsiderable.  Wc  cannot 
cowiprcsa  the  water  which  fills  a  quart  bottle  into  a  vessel  of  half 
the  size,  antl,  if  wc  pour  the  fluid  into  one  of  twice  the  bulk,  the 
veJisel  will  only  be  half  filled.  Rut  finids  differ  from  solid  bodies 
in  having  no  independent  form,  the  figui*c  they  assume  being  that 
of  the  vesacl  containing  them,  the  surrounding  solid  body,  while 
the  lirjuid  presents  a  horizontal  surface  where  it  intersects  the 
sidiii  of  the  vessel.  Fluids  also  differ  essentially  from  solid  bodies 
in  the  least  imaginable  force  being  sufficient  to  separate  their 
particles. 

Gaseous  bodies  have  neither  an  independent  form  nor  a  definite 
volume;  the  space  which  they  occupy  depending  only  upon  external 
prcKMurt'.  A  voUimc  of  air  may  easily  be  reduced  to  the  half,  the 
fourth,  or  even  the  tenth  of  its  original  bulk ;  and,  conversely,  we 
Hnd  that,  on  admitting  the  same  volume  of  air  into  a  vacuum 
twice,  four  times,  or  ten  times  as  large,  the  air  will  completely  fill 
it,  thus  proving  that  gaseous  bodies  have  a  tendency  to  expand  &a 
far  as  possiblfr.    Kasy  dinsibility  is  alike  rommon  to  gases  and  fluids. 

Tlie  external  differences  must,  according  to  our  Wcws  of  the 
crjmposition  of  bodies,  depend  u{)on  the  circumstance  that  in  solid 
bodies  the  individual  particles  remain  at  certain  distances  from, 
and  in  fixed  relative  positions  to,  each  other;  in  fluids  they  remain 
8t  6xed  distaticcB,  but  may  easily  be  displaced ;  while  in  gaseous 
bodies  the  conijKinent  parts  show  a  constant  tendency  to  separate. 

MuUcuiar  Forces. — As  a  force  is  necessary  to  separate  the 
paKiclen  of  a  solid  body,  and  as  also  an  external  force  is  necessary 
to  hold  together  the  particles  of  a  gaseous  body,  it  is  clear  that 
iHtdies  cannot  be  formed  by  means  of  a  sin)i)le  juxtaposition  of  their 
atoms,  since  they  would  then  be  nothing  more  than  an  unconnected 
mass  somewhat  in  the  condition  of  a  sand-heap.  There  must, 
consequently,  be  forces  which  hold  together  the  particles  of  a 
solid  body  in  their  relative  position,  imparting  to  them  a  fixed 
internal  structure  and  external  form ;  and  in  like  manner  there 
most  be  forces  which  act  repiUsively  amongst  the  particles  of  a  gas. 
These  forces,  which  arc  continuously  acting  Ixtween  the  adjacent 
molecules  of  bodies,  arc  termed  moleeidar  forces.  The  ft»ree  which 
holds  together  the  particles  of  ■  solid  body  is  termed  the  force  of 
cohesion,  which  wc  assume  to  be  called  forth  by  a  mutual 
attraction    of  the   atoms.     Now,  if  atoms  mutually  attract    each 

Her,  it  is  not  easy  to  understand  how  these  can  also  mutnully 
each  other,  and,  therefore,  in  order  to  explain  this  repulsion 
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observed  in  gases,  wc  assume  that  there  is  another  and  au 
opposite  force,  which  we  term  the  force  of  expansion. 

Solid  bodies  may  be  melted  by  heat ;  tliat  is,  they  may  be 
transformed  into  a  Huid  ctmdilion  ;  and  through  the  same  agency 
fluids  may  be  reduced  to  the  state  of  vapour;  it  follows,  therefore, 
that  heat  is  opposed  to  the  force  of  cohesion,  and  hence  we  may 
assume  it  to  be  identical  with  the  force  of  expansion.  Let  us 
suppose  the  molecules  of  a  body  to  be  surroimded  by  an  atmosphere 
of  heat  which  modities  the  attraction  of  the  molecules,  and  we  shall 
then  understand  how  the  attractive  and  the  repulsive  forces  proceed 
from  one  common  centre.  The  preponderance  of  the  expansive  or 
of  the  rcpnlsivc  force  will  determine  whether  a  body  be  soKd  or 
gaseous,  while  an  equilibrium  of  both  forces  characterizes  a 
fluid. 

Inertia. — Throughout  the  whole  kingdom  of  nature  no  change 
in  the  condition  of  things  can  occur  without  a  special  cause. 
Thus  whatever  change  may  occur  in  a  body,  whether  it  be  relating 
to  rest  or  to  motion,  or  to  a  change  in  its  aggregate  condition, 
must  be  occasioned  by  some  force.  If  a  body  be  at  rest,  a  force 
is  necessary  to  put  it  into  motion,  and,  conversely,  it  cannot  be 
reduced  to  a  state  of  rest  from  motion  without  the  agency  of  «onic 
force,  for  a  body  once  put  into  motion,  will  continue  that  motion 
with  unchanging  velocity,  in  an  unchanging  direction,  until  ita 
course  be  arrested  by  external  impediments.  This  properly  of  a 
body  we  term  inertia. 

Wc  tind  numerous  examples  in  every-day  life  elucidating  this 
law  of  inertia.  Thus  the  wheel  of  an  engine  continues  to  pursue 
its  course  after  the  force  which  impelled  it  has  been  arrested,  and 
it  would  continue  to  run  on  for  e\'er  if  the  motion  were  not 
constantly  impeded  by  friction. 

In  running  fast  the  speed  cannot  suddenly  be  checked.  A  man 
standing  upright  in  a  boat  will  fall  backwards  when  the  boat  is 
pushed  from  the  shore,  and  will  be  urged  forward  as  the  boat 
touches  the  land.  We  shall  subsequently  have  frequent  opjMjrtu- 
nities  of  alluding  to  the  intluence  of  the  law  of  inertia  u|H>n  many 
phenomena  of  motion.  According  to  the  law  of  inertia,  a  body 
must  exercise  a  resistance  against  every  force  which  removes  it 
from  a  condition  of  rest  to  one  of  motion  ;  or  which  hastens, 
impedes,  or  tries  wholly  to  arrest  it  when  in  motion.  It  is, 
therefore,  clear,  that  the  action  exercised  upon  the  condition  of 
motion  of  a  b<Kly  must  depend  on  the  one  hand  upon  the  intensity 
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of  the  force,  and  on  the  other  upon  the  degree  of  uicrtia  in  the 
body. 

Tlie  larger  the  quantity  of  matter — that  is  to  say,  the  gjreater 
the  mass  ia  on  which  a  force  acts — -so  much  the  greater  will  he  the 
resistance  it  offers;  and  wc  judge  of  the  niasa  of  a  bcjdy  by  the 
amount  of  resistance  which  it  can  oppose  by  its  inertia  to  an 
accelerating  or  retarding  force.  This  idea  of  inertia  and  mass 
cannot  be  rendered  very  clear  until  we  have  occupied  ourselves 
somewhat  with  the  study  of  the  laws  of  gravity  and  motion. 

Graviftj. — If  wc  remove  a  piece  of  stone  or  wood  from  the 
ground  and  throw  it  from  our  hands  it  will,  when  left  to  itself, 
fall  until  it  reaches  the  earth,  or  meets  with  any  object  to  arrest 
its  course.  As  matter  is  inert,  it  cannot  of  itself  pass  fruin  a 
state  of  rest  into  one  of  motion.  If,  then,  we  see  that  a  body  in 
rest  begins  to  move  at  the  same  moment  that  we  deprive  it  of  its 
support,  we  must  ascribe  this  to  a  force,  and  to  this  force  wc 
apply  the  term  gravity. 

Gravity  is,  therefore,  the  force  which  compels  bodies  to  fall. 
We  must  not,  however,  suitposc  that  its  power  is  limited  to  this 
action,  for  wc  shall  soon  sec  that  gravity  pi-oduces  other  pheno- 
mena, and  other  motions.  Tlie  direction  of  rivers  which  Huw  into 
the  sea,  the  rising  of  a  piece  of  cork  from  the  bottom  of  the  water 
to  the  surface,  the  ascent  of  the  air-balloon,  are  all  the  effects  of 
this  force. 

There  is  no  better  means  of  ascertaining  the  direction  of  the 
force  of  gravity  than  the  following : — Fasten  a  string  at  one 
extremity,  and  attach  a  small  hea\'y  weight  at  its  other  extremity, 
the  direction  of  the  thread,  when  it  is  tense  and  at  rest,  will 
no.  1. determine  with  accuracy  the  direction  of  gravity.     This  little 

M  instrument  is  called  a  plummet,  and  the  line  which  the  thread 
/  forma  in  a  state  of  equilibrium  is  the  vertical.  The  direction 
of  grantation  is  therefoi-e  identical  with  that  of  the  plummet, 
and  nothing  can  be  easier  than  at  all  times,  and  in  all  places, 
to  ascertain  this  direction  of  gravitation.  As  we  shall  see 
when  we  treat  of  hydrostatics,  the  upper  surface  of  cvcrj'  fluid  at 

?rc8t  must  be  at  right  aiigU's  with  the  direction  of  gravitation, 
or  we  may  express  the  same  thing  differently  by  saying  that 
the  direction  of  gravitation  is  always  at  right  angles  with  the 
earth's  surface.  Here,  as  may  easily  be  sup[H>sed,  we  do  not 
s|>eak  of  the  true  surface  of  the  earth  with  its  hills  and  valleys,  but 
of  »ii  ideal  Riirfare,  of  which   we  must  forui  a  conception  in  the 
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following  manner: — If  we  assume  that  the  Atlantic  Ocean,  the 
South  Sea,  and  all  other  seas,  were  for  a  monjcnt  perfectly  at 
rest,  then  tlieii*  vast  superficies  would  form  a  part  of  a  eplicrical 
surface;  and  if,  further,  we  assume  that  the  different  parts  of  this 
aarface  were  spread  under  the  surface  of  the  land,  still  retaining 
their  curvature,  they  would  form  a  spherical  surface  without  hills 
or  valleys.  This  partly  imaginary  and  |)artly  actual  surface  is 
what  we  term  the  level  of  the  sea — the  horizontal  line.  When, 
therefore,  we  say  that  Mont  Blanc  is  14,690  feet  above  the  level 
of  the  sea,  we  mean  that  a  perpendicular  dropped  from  the  summit 
of  the  mountain  must  measure  14,690  feet  in  order  to  reach  this 
ideal  surface.  In  Holland  there  arc  whole  districts  below  the 
surface  of  the  sea ;  that  is  to  say,  this  imaginary  level  is  at  an 
elevation  above  the  heads  of  the  inhabitants. 

The  force  of  grauly  is  always  directed  towards  the  central  point 
of  the  earth,  as  we  perceive  iJrum  what  has  been  already  stated. 
The  directions  of  the  plummet  at  two  different  parts  of  the  earth 
ni*c,  consequently,  not  parallel,  for  they  make  a  certain  angle 
with  each  other,  the  point  of  which  coincides  with  the  central 
jioint  of  the  earth.  Berlin  and  the  Cape  of  Good  Hope  arc  two 
places  lying  in  nearly  the  same  meridian  line.  Berlin  18  52*'  31'  13" 
north  of  the  equator,  and  the  Cape  of  Good  Hope  33"  65'  15" 
south  of  the  same  line;  and  if  we  draw  two  lines  towards  the 
central  point  of  the  earth,  the  one  from  Berlin  and  the  other  from 
the  Cape,  we  find  that  they  make  an  angle  of  86°  26'  28",  being 
the  an^lc  which  the  plummet  at  Berlin  makes  with  the  plummet  at 
the  Cape,  if  the  experiments  be  made  at  two  points  lying  within 
the  circu inscribed  space  of  an  apartment,  or  even  at  the  extreme 
ends  of  a  city,  no  deNnation  in  the  direction  of  the  plummet  will 
be  perceived  ;  the  reason  of  which  is,  that  the  central  point  of  the 
earth  (the  focus  towards  which  the  two  lines  incline)  is  distant 
from  the  surface  of  the  earth  more  than  six  millions  of  metres* 
(the  radius  of  the  earth).  Now,  as  200  metres  scarcely  compose 
the  80,000th  part  of  the  earth's  radius,  it  follows  that  two 
plummets  placed  at  the  distance  of  200  metifs  from  each  other 
would  form  an  angle  of  about  6.3  seconds.  If  the  places  at  which 
the  experiment  is  attempted  were  less  removed  from  each  other  the 
angle  wovdd  cease  to  be  appreciable. 

If  a  body  be  impeded  in  its  fall  by  the  intervention  of  some 


*  The  metxc  ii  eqiwl  to  30.37  fihslub 
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Other  supporting  body,  tlie  action  of  the  force  of  gravity  tloes 
not  cease,  but  manifests  itself  in  this  caac  by  pressure  upon  the 
intervening  object. 

Gravity  is  a  general  property  of  bodies ;  that  is,  it  is  common 
to  fluids  and  gases,  as  well  as  to  solid  botliea.  Tlie  falling  of 
the  rain  drop  proves  the  gravity  of  fluids,  and  we  shall  subse- 
quently adduce  instances  of  the  gravity  possessed  by  gaseous 
bodies,  and  consequently  show  that  the  whole  atmosphere  sur- 
rounding our  globe  presses  upon  the  earth's  surface. 

Weiffht, — The  amount  of  pressure  exercised  by  a  body  upon 
another  body  upon  which  it  rests  is  called  its  weight,  this  pressure 
increases  with  the  number  of  material  particles  of  the  body. 
In  order  to  compare  the  weight  of  different  bodies,  we  make  \\%c  of 
the  balance,  the  application  of  which  is  familiar  to  all,  and  its 
aiTangeuient  we  Rhall  describe  subsequently. 

In  France  the  gramme  is  the  legal  unit  of  weight,  and 
at  the  present  day  it  is  received  almost  universally  as  the  unit 
measure  in  Bcicutifie  researches.  The  graumic  is  the  weight  of 
a  cubic  centimetre  of  pure  water  in  its  state  of  greatest  density. 
The  French  system  of  weights  has  this  great  advantage  over 
others,  that  the  units  of  weight  and  measure  stand  in  a 
simple  relation  to  each  other,  so  that  it  is  easy  to  judge  of  the 
weight  of  a  body  by  its  size,  and  vice  versd.* 


*  A  Meame  can  odIv  be  conudercd  u  nnzltcrably  fixed  when  it  has  bem  derived 
from  KNue  txaderuting  lize  or  s[uce  in  nitiire.  u  la  the  ciuc  with  thf  Frenrh  sy*t«ni 
of  mearares.  Thus  any  certainly  other  nysteni*  now  poaicu  has  been  derived  (roio  a 
ODtn|iariioa  with  the  tystem  estahlifthcd  in  Fnuice. 

Tlie  umleviating  Icnglh  which  hu  become  the  standard  for  this  ivBtem  is  the  earth's 
itKriiHaii — that  ii,  the  rin'umfercncc  o(  a  large  ciR'le  of  the  globe,  jiassing  through 
both  |»olci.     The  forty  niilliotith  part  of  this  tine  b  a  OMtn. 

Till'  leagih  of  a  nicridiiui  of  the  earth  was  uoertain«d  bjr  ■  aeries  of  the  moit 
Banfully-cooducied  tDeaaarementa,  and  far  this  parpoK  the  ohl  Krrnch  unit  of 
neuare  —  the  toisc  —  wbb  tued  for  a  baai* ;  it  was  in  this  way  accurately 
dsUraiEMd  how  many  of  these  toises  were  container]  in  the  eartb'k  meridian, 
■ad  eoasequently  wluu  wm  the  eiart  length  of  the  toi»e.  As  however,  it  was 
renhfld  that  an  entirely  new  syiteni  a(  measures  Khoalil  he  eKtablished,  the  (nrij 
■UUoDth  pan  of  the  earth's  uicridiau,  expressed  in  toises,  was  takm  as  the  new  unit 
of  length— in  short,  the  reUtioD  of  the  metre  to  the  loiae  was  then  accttratel; 
drtcrmined. 

As  in  the  present  day  the  French  system  of  measures  is  rrfrnrd  to  in  almost  all 
•csetitific  works,  we  deem  it  dciiroble  lo  give  a  table  of  the  relations  of  foreign  and 
BoglUt  wdghti  to  thoae  ratahlished  in  the  French  sfiteiu,  giviiig  by  my  of 
iatroduclinn.  a  few  GkIs  refrrring  tbvrrto. 

The  metre  is  dirided  mlo  10  decimetrei,  100  centimetres,  and  1,000  millcmelres. 
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Mass. — According  to  the  above  explanation,  the  mass  of  n 
body  is  the  qimntity  of  matter  of  which  it  is  cotn])OSL'il  j  and  on 
this  quantity  depeudd  its  inertia ;  consequently,  the  auiount  of 
this  inertia  pivca  the  actual  measure  of  the  mass,  and  here  gravity 
tiirnishcd  us  with  the  best  means  of  ascertaining  the  quantity  we 
Bcek. 

The  mass  of  a  body  is  always  proportional  to  its  weight.  Tliis 
connection  betweeu  the  two  is  everywhere  demonstrable  by 
experiment,  ulthou^h  we  may  readily  conceive  it  to  be  not  a 
necessary  result.  For,  let  it  be  assiuucd  that  there  are  bodies 
in  nature  on  which  ferity  exercises  no  power,  on  this  account 
they  will  not,  therefore,  the  less  continue  to  possess  inertia ; 
further  let  it  be  assumed  that  the  force  of  gravity  acts  unequally 
upon   the   particles  of  different    substances,   and   that  a  ball   of 


The  following  diagram  repr«s«tiU  a  decimetre,  with  its  subdivisiom,  as  aocarately  ai 
we  cnn  reprcMm  tlipm  : — 

pio.  2. 
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The  relation  at  the  moat  importAat  measures  of  leugth  to  the  metre  are  given  ia 
the  foltowing  table ; — 

I  English  foot =  304,79  millimetres. 

1  Rhenish  or  Pnissian  foot =  313,89  „ 

I  Vienna  foot =  316,10 

I  Pari!  foot ^  324,84 

I  Toiae  =  6  Prencb  feet =  1,94904   metres. 

I  Gcnnan  or  gcngraphiral  mile  .....  =  7407  « 
1  Engliih  naotical  tnile  =  1  Italian  milo  .  .  =  m02  „ 
Tlie  roeaturcs  for  tolid  and  fluiil  bodies  and  the  weighti  are  all  ilerivcd  from  tlie 
measure  of  length  in  the  French  sniem.  Thtu  (he  unit  uf  the  fluid  measure  ts  the 
litre  =  1,000  cubic  centimetres.  AcqIhc  centiiiieire  of  water  weigh*  I  gramme  (or 
15,44  grmios  troy)  j  1,000  grammes  make  1  kilogramme  ;  1  litre  of  water,  therefore-, 
weighs  I  kilogramme. 

One  gnmme  is  equal  to  10  decigrammes  <=  100  renligrmfltBaa  «  l,MO  ntfU 
giaiuiues. 

The  pound  weight  ditHen  ooMnaderahljr  in  different  oouutnes.  Iwl  k  wm^  m  «■ 
arerage  be  said  to  cornsapond  pretty  nearly  with  the  half  kilofranaK.  the  tmdm 
aod  llesM  pouod  it  exactly  this  weight,  as  the  system  of  nifamm  iilafiad  in  thar 
eu—ufaj  hM  been  derived  from  the  Prendi.  Thb  pouod  of  AiO  (iHMMi  m  ikt 
stawlard  measnre  nsed  in  the  Gennan  ZoUrereiB,  tr  fWHfil  i 

1  London  pound  (troy  wcighi)  w  379hMZ  | 

I  Vienna  pound  (trade  wei^t)  «  97M** 

I  OU  Pmcli  pound -=   •MJMC 

I  PiMidaii  powad =^  M7.7J  l 
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lead  ifl  only  heavier  than  a  ball  of  wood  of  equal  size  because 
gravitation  acts  more  especially  upon  the  particles  of  the  lead| 
without,  on  that  nccount,  the  mass  of  the  leaden  bidl  being 
greater  than  that  of  the  wooden  bull.  Apain,  to  make  the  subject 
dearer,  let  ub  suppose  two  equally  Inrf^c  balls,  one  of  lead,  the 
other  of  wood,  and  let  us  asunim;  tliat  the  mass  or  amount  of 
inertia  be  the  same  in  both,  it  clearly  follows  that  in  this  case  the 
leaden  ball  would  fall  with  the  greater  velocity,  for  we  know  that 
it  weighs  some  twelve  times  more  than  the  wooden  ball,  and 
that,  consequently,  the  force  which  impels  the  former  is  twelve 
times  as  great  aa  that  which  acts  upon  the  latter,  and  would, 
therefore,  induce  greater  velocity  if  equal  resistance  were  opposed 
to  both  balls.  We  find,  however,  that  the  leaden  ball  falls  no 
faster  than  the  wooden  one,  at  least  ih  vacuo,  and  hence  we  sec 
that  the  force  which  impels  the  former,  although  twelve  times  as 
gi'cat,  acts  against  a  body  possessing  twelve  times  the  inertia 
of  wood.  iVnd,  as  we  find  that  the  rapidity  with  which  all 
bodies  fall  in  vacuo  is  equal,  we  conclude,  on  the  same  groundsj 
that  the  mass  of  a  body  is  always  proportionate  to  its  weight, 
and  that,  therefore,  the  weight  of  a  body  is  a  measure  of  its 
mass. 

Density. — The  density  of  a  body  is  the  relation  of  its  weight 
to  its  volume,  and  thus  conveys  the  idea  of  specific  gravity  which 
is  a  constant  characteristic  property  of  every  sub.stance.  As  it 
was  necessary  to  choose  one  body  in  particular  as  the  unit 
of  density,  to  which  all  others  might  be  compared,  water  in 
its  condition  of  greatest  density  has  been  made  choice  of  for  this 
purpose.  The  density,  or  speciiie  gravity,  of  a  body  is,  therefore, 
the  ntmibcr  which  indicates  how  much  heavier  a  body  is  than  an 
equal  volume  of  water.  A  cubic  centimetre  of  iron  weighs  7.8,  a 
cubic  centimetre  of  gold  19.258  grammes,  while  an  equal  volume 
of  water  weighs  only  one  gramme ;  therefore  7.8  is  the  specific 
weight  of  iron,  and  19.258  that  of  gold.  Hence  to  find  the 
specific  graWty  of  a  l>ody,  we  diWde  its  absolute  weight  by  the 
weight  of  an  equal  volume  of  the  water. 

Tlius  the  data  necessary  to  determine  the  specific  gravity  of 
a  Ixidy  are  its  absolute  weight  by  the  weiglit  t»f  an  equal  volume 
of  water. 

These  data  are  most  i-eadily  obtained  for  fluids.  If  we  take 
n  narrow-necked  vessel  and  till  it  up  to  a  certain  marked  line 
on    the   neck,  first   with  water,  and   then    with    the  fluid  to   be 
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determined,  and  weigh  it  each  time  in  a  balance,  we  obtain 
the  relative  weight  of  the  two  fluids.  Tims,  if  we  wish  to 
ascertain  the  specific  gravity  of  oil  of  vitriol,  we  must  first 
place  the  empty  bottle  on  one  scale  and  counterbalance  it,  then 
fill  it  to  the  graduated  line  with  water.  If  we  assume  that 
the  Iwitic  contain  exactly  one  litre,  that  is  1000  cubic  centimetres, 
the  water  will  weigh  exactly  1000  grammes.  If,  now,  we  fill  the 
bottle  to  the  same  point  with  oil  of  vitriol,  it  will  require  1848 
grammes  to  make  the  balance  even.  Since  the  oil  of  vitriol  in 
the  fiask  weighs  1818  grammes,  while  an  equal  volume  of  water 
weighs  only  1000  grammes,  the  specific  gravity  of  the  former  is 

rooo  "  ^•*^' 

Owing  to  the  difficulty  of  always  obtaining  sufficiently  large 
quantities  of  the  fluids  to  be  weighed  in   so  capacious  a  vessel, 
and  the  damage  to  a  fine  balance  in  supporting  such  heavy  masses^ 
FIG.  3.  it  is  more  expedient  to   make   use  of  smaller 

vessels.  The  form  commonly  employed  is 
represented  in  Fig.  3.  This  vessel  is  made 
to  contain  from  eight  to  twenty  cubic  centi- 
metres, and  has  a  ground  glass  stopper  made 
of  a  part  of  a  thermometer  tube,  in  order  to 
admit  of  the  rising  of  portions  of  the  fiuid 
in  case  of  expansion  by  heat  through  the 
MiiuKr  oprning  without  the  stopper  being  raised,  or  the  bottle 
burst. 

In  order  to  determine  the  specific  gravity  of  solid  substances  we 
must  form  from  them  a  body  of  regular  shape,  as  a  cube  or  sphere, 
in  order  to  estimate  the  more  readily  its  cubic  contents.  The 
absolute  weight  of  such  bodies  ia  found  by  the  balonce,  and  the 
weight  of  an  equal  volume  of  water  is  given  by  the  known  volume 
of  the  body.  If  a  cube  of  marble  weigh,  for  instance,  21.6 
gi'amntcs,  and  each  ofits  sides  be  two  centimetres,  its  cubic  contents 
win  be  eight  cubic  centimetres ;  a  cube  of  water  of  like  size  will 
thus  weigh  eight  grammes ;  and,  consequently,  the  specific  gra\ity  of 

the  marble  is  to  that  of  water  as  —t^   =2.7. 

o 

Take  a  sphere  of  dried   bcechwood  weighing  25.79  grammcA, 

and,  su])pnsing  its  diameter  to  be  four  centimetres,  we  may  easily 

compute    its   cubic  contents,  which   we   shall    find   to   be   .'53.49 

cubic  centimetres.     A  sphere  of  water  of  equal  size  will,  therefore. 
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weigh  33.49  grammes,  and  the  specific  gravity  of  the  woc»d  is 
therefore,  ^  =  0.77. 

As,  however,  it  is  not  always  possible  to  obtain  such  Urge 
quantities  of  substances,  and  it  is  si>iuetimes  impracticable  to 
form  bodies  of  the  regularity  of  fi{;ure  nccessarj',  other  methods 
must  be  resorted  to  for  ascertaiuiug  the  specitic  gravity  ;  and  the 
majority  of  these  depend  upon  hydrostatic  laws,  the  consideration 
of  which  we  must  postpone  to  a  subsequent  period.  The  following 
method,  however,  is  not  grounded  upon  these  priuciplcs,  ami  is 
often  made  use  of  to  ascertain  the  specific  gravity  of  such  bodies 
as  can  only  be  obtained  in  Biuall  portions. 

We  first  fill  the  vessel  (Fig.  3)  with  water,  and  bring  it  into 
equilibrium  in  the  balance,  then  lay  the  granulus  beside  it,  and 
ascertain  the  absolute  weight.  This  done,  we  remove  both  from 
the  scale,  and,  throwing  the  granules  into  the  water  in  the  bottle, 
again  insert  the  stopper.  A  quantity  of  water  will  then  escape, 
equal  iu  bulk  to  the  granules  which  have  displaced  it.  On 
weighing  a  second  time,  we  strain  the  quantity  of  water  that 
has  been  displaced;  or,  in  other  words,  the  weight  of  a  volume 
of  water  equal  to  the  volume  of  the  granules. 

By  way  of  illustration,  let  us  determine  the  specific  gravity  of 
platinum  granules  as  they  occur  in  nature : — 

The  glass  vessel  with  water  weighs     .     .     13.52    grms. 
Thegranides 4.056     „ 

Both  together 17,576    „ 

If,  after  throwing  the  granules  into  the  bottle,  putting  the 
stopper  on,  and  weighing  the  whole  together,  we  find  it  to 
be  17.31C  grammes,  the  weight  of  the  water  forced  out  by  the 
granules  must  \k   17-576 — 17-316  =  0.26  gram.  ^  consequently 

the  specific  gravity  of  the  granules  is    '         =  15.6. 

Tlie  same  method  may  be  pursued  with  larger  portions  of  bodies 
if  a  suitable  vessel  be  chosen  for  the  experiment. 

If  the  body  to  be  weighed  be  soluble  in  water,  some  fluid  must 
be  chosen,  a«  alcohol,  oil  uf  turpentine,  or  some  other  in  which 
the  body  does  not  dissolve.  By  the  above-described  process,  we 
find  how  much  a  certain  quantity  of  the  fluid  weighs  which  has 
the  same  volume  with  the  body  to  be  weighed,  and,  when  once 
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the  specific  gravity  of  tfae  fluid  is  known,  it  ia  easy  to  ascertain  the 

weight  of  an  equal  volume  of  water. 

Let  it  be  assumed  that  a  piece  of  salt  which  is  insoluble  in  oil  of 

turpentine  weigh  0.352  gram.,  and  displaces  when  put  into  the 

glass  0.13  gram,  of  oil  of  turpentine.     The  specific  gravity  of  this 

fluid  is  0.8725 ;  an  equal  volume  of  water  will  therefore  weigh 

0  13 
-  '        =  0.149,  and  the  speciflc  gravity  of  the  salt  is,  therefore, 

0049  -  ^•^^- 
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EQL'ILIBBIUM    AND    DECOUPOSITION    OP    FORCES    IN    THE   SO 
CALLED   SIMPLE    MACHINES. 

A  BOi>Y  is  in  a  state  of  cqxiilibriutti  when  a!I  the  foreea  acting 
upon  it  counteract  each  other,  or  when  their  action  is  prevented 
by  any  resistance.  In  a  body  suspended  by  a  thread,  the  action  of 
gravity  is  destroyed  by  the  reaistanec  of  the  thread.  If  the  thread 
he.  not  stronp:  enough,  it  vn\\  break,  and  the  body  will  fall  tu  the 
g^und.  A  body  may  often  be  in  equilibrium  without  having  any 
fixed  point  of  support,  and  without  any  apparent  resistance.  The 
tisli  may  be  iu  a  state  of  equilibrium  in  the  water,  and  the  ballouu 
in  the  air,  but  here  the  gravity  is  counteracted  by  a  pressure,  of 
which  we  shall  further  Hjicak. 

It  may  be  8aid  that  all  bodies  which  appear  to  be  in  a  state  of 
rest  are  acted  upon  by  many  mutually  counteracting  forces.  It 
falls  to  the  department  of  statics  to  ascertain  the  conditions  of 
e<iuilibrium,  while  the  subject  of  dynamics,  on  the  other  hand, 
investigates  the  laws  of  the  motions  which  result  when  the 
conditions  requisite  for  the  establishment  of  equilibrium  are  not 
satisfied. 

In  order  to  measure  forces  we  must  assume  some  arbitrary*  force 
as  unity. 

Two  forces  arc  equal  when,  in  acting  upon  one  point  from 
oppojfitc  directions,  they  remain  in  equihbrium.  Two  equal  forces 
acting  in  the  same  direction  are  equal  to  a  double  force.  We  should 
have  a  triple  force  if  three  equal  forces  acted  in  the  same  direction, 
and  so  ou. 
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Whatever  be  the  number  of  forces  noting  upon  one  point,  and 
whatever  their  direction  may  be,  they  can  only  impart  one  single 
movement  in  one  dcHnite  direction.  Hence  we  assume  that  there 
is  a  force  which  ia  capable  in  itself  of  producing  the  same  action  as 
these  combined  forces,  and  consequently  of  replacing  them.  This 
is  termed  the  resultant.  For  example,  when  a  ship  is  impelled  by 
the  combined  action  of  the  stream,  the  rudder,  and  the  wind,  it 
moves  in  a  dctiiiite  direction  ;  but  if  the  actions  of  the  stream, 
rudder,  and  wind  were  to  cease,  we  could  evidently  impart  the 
same  motion  to  tlie  vessel  by  attaching  to  it  a  rope  or  line  by 
which  a  definite  force  might  be  made  to  bear  in  the  direction 
towards  which  the  ship  was  impelled  by  the  simultaneous  action 
'of  the  three  forces.  This,  then,  is  the  resultant  of  the  three 
forces. 

The  combination  of  forces  which  act  together  upon  one  point,  wc 
term  a  system  of  forces,  or,  when  speaking  of  them  in  reference  to 
the  resultant,  we  call  them  component  or  lateral  forces.  It  is 
evident  that,  if  we  were  to  add  to  the  combined  system  of  forces  a 
new  force,  equal  and  opposed  to  the  reauJtaut,  all  the  forces  acting 
in  concert  must  retain  their  equilibrium.  If,  for  example,  to 
abide  by  our  former  illustration,  we  had  caused  a  force  to  act  upon 
the  line  of  the  vessel  which  was  etjuul,  but  opposed,  to  the 
resultant  force  of  the  stream,  rudder,  and  wind,  the  newly-applied 
force  would  induce  a  state  of  equilibrium,  and  the  ship  would 
remain  at  rest  just  as  if  it  were  lying  at  anchor. 

If  two  or  move  forces  act  in  the  same  direction  their  residtant  is 
the  sum  of  the  separate  forces.  WTien  two  forces  act  in  opposite 
directions  upon  one  point,  the  resultant  is  equal  to  tlie  difference  of 
the  two,  and  will  act  in  the  direction  of  the  greater. 

If  the  directions  of  two  forces  acting  upon  a  material  point 
make  an  angle  with  each  other,  wc  find  the  resultant  by  means 
of  a  law  kno^v^l  under  the  name  of  the  parallelogram  of  forces, 
and  established  by  means  of  the  following  simple  considera- 
tion : — 

Suppose  tno  forces  acting  simultaneously  on 
-'*  thf  point  a,  one  in  the  direction  a  x,  the 
other  in  the  direction  a  y.  Let  one  force  be 
-#-  such  that  in  a  given  time — say  a  second — it 
will  by  itself  move  the  point  from  a  to  6,  while  the  other  force 
will,  in  the  same  period  of  time,  move  it  by  itself  from  aio  c.     If 
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now  the  point  be  exj>osed  for  a  second  to  the  aimultaneous  action 
of  both  forces,  the  effect  is  e^-idcntly  the  same  as  if  the  point  were 
subjcctwl  for  one  second  to  the  sole  action  of  the  one,  and  the  next 
second  to  the  sole  action  of  the  other  forc«.  The  first  force  alone 
impels  the  point  from  «  to  6  in  one  second ;  and  if  the  action  of 
this  force  were  to  cease  at  the  instant  the  point  reaches  ft,  and  the 
point  be  then  solely  subjected  to  the  action  of  the  second  force,  it 
would,  at  the  close  of  another  second,  rej\ch  r.  Hence,  if  both 
forces  act  simxUtancously,  the  point  a  must,  in  the  course  of  a 
second,  reach  the  same  point  r. 

An  illustration  will  make  this  more  evident.     A  ship  acted  upon 
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simultaneously  by  two  forces,  the  stream  and  wind,  starts  from 
the  point  A  on  the  side  of  a  river.  Let  us  assume  that  the  vessel 
will  be  urged  obliquely  across  the  river  by  the  action  of  the  wind 
alone,  in  a  definite  time,  say  a  quarter  of  an  hour,  going  from  A 
to  B,  and  assume  it  to  be  borne  during  the  same  period  of  lime  by 
the  force  of  the  stream  alone ;  if  there  were  no  wind  from  A  to  C, 
then  it  would  in  the  same  period  of  time  go  from  A  to  D,  if  both 
wind  and  stream  acted  sinuiltaueoiisly,  that  is,  it  must  reach  the 
point  D  in  a  quarter  of  an  hour,  when  impelled  by  the  siniulta- 
Dcous  action  of  the  two  forces,  as  it  would  have  gone  from  A  to  B 
in  a  quarter  of  an  hour,  if  acted  upon  solely  by  the  wind,  and 
from  B  to  D  during  the  next  quarter  of  un  hour  when  impelled 
only  by  the  stream. 

The   line   a   r    (Fig.    6)   is  the  diagonal 

of  the  parallelogram   a   b   r   Cf    which   by 

means  of  the  law  we  have  mentioned  may 

,     be  thus  expressed. 

The   resultant  of  two  forces  which  siiuultaneously  act  at  any 
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angle  upon  a  material  point  is  such  as  to  tend  to  move  thu  point 
through  the  diagonal  of  the  parallelofcram,  which  wc  may  construct 
from  the  lines  corresponding  to  each  of  the  component  or  lateral 
forces. 

As  the  line  which  a  body  passea  over  in  a  given  time  ia 
proportionate  to  the  force  which  impels  it,  and  as  in  determining 
the  resultant  we  only  endeavour  to  find  its  direction  and  relations 
of  size  to  both  component  forcesj  the  law  may  be  thus  expressed  : 
— "  If  two  lines  be  drawn  in  the  direction  of  two  forces,  and 
through  their  point  of  contact  and  their  Icngtb  to  be  proportionate 
to  the  respective  forces,  the  diagonal  of  the  parallelogram  which  is 
determined  by  these  two  lines  will  represent  the  resultant  both  in 
magnitude  and  direction." 

As  a  state  of  cquiUbrium  must  be  established  between  three 
forces,  if  each  be  equal  and  opposed  to  tbe  resultant  of  the  other 
two,  we  may  easily,  by  means  of  an  experiment  pertaining  to 
statics,  test  the  correctness  of  the  law  of  the  parallelogram  of 
forces. 

To  the  leaf  of  a  tabic  there  are  attached  two  vertical  rods,  each 
yis,  7,  of  which   has   a    moveable    slide 

bearing  a  pulley  that  turns  easily 
upon  its  axis  in  a  vertic^il  plane. 
ITie  rods  must  be  so  screwed  on 
that  the  vertical  plane*  of  both 
pulleys  coincide.  If  now  we  have 
a  line  over  the  pulleys,  attaching 
at  one  end  a  weight  a,  at  the 
other  end  a  weight  c,  and  lastly, 
u  weight  b  between  the  pulleys, 
the  uholt:  will  be  lu  a  stale  of  equilibrium  in  any  dctinite  position 
of  the  threads  j  we  have  three  forces  acting  upon  the  point  o  in  the 
directions  o  p,  a  q,  and  o  r,  and  it  is  easy  to  ascertain  whether 
those  relations  between  the  amount  and  direction  of  the  forces 
really  exist,  such  as  the  law  of  the  parallelogram  of  forces  requires. 
Supposing  by  way  of  illustration,  that  a  =  2  and  c  =  3  ounces, 
how  great  must  be  the  force  at  b  if  the  angle  ;;  o  y  be  75*»  ? 
According  to  the  above  law  the  resultant  may  easily  be  obtained, 
by  construction,  as  in  Fig.  8. 

If  the  angle  r  s  /  measure  75**,  and  r  »  =  2  and  «  /  =  3 
(some  unit  being  asaumed),  we  shall  find  that  the  dia- 
poual  fi  p  =  4.     Thus,  if  the  angle  p  o  q  =  75**,    the  weight 
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b  must  he  equal  to  4  ounces ;  and  if 
we  attach  a  weight  of  4  ounces  to  the 
strings  we  aliall  find  that  the  angle  p  o 
q  will  measure  75" ;  and  this  we  may 
easily  prove  by  holditig  a  figure  of 
larger  dimensions  behind  the  thread, 
r  *  corresponding  with  o  p,  and  s  t  with 
0  q.  If  6  had  been  made  larger  than  4, 
and  all  the  other  parts  of  the  figure  were 
left  unaltered,  the  angle  p  o  q  would  be 
less  than  75° ;  and  the  smaller  we  make 
the  weight  at   6,  the  larger  will  be  the  angle/}  o  q. 

When  both  forces  are  e(iual,  the  resultant  divides  the  angle 
which  they  make  with  each  other  into  two  equal  parts. 

When  the  two  forces  are  unequal,  the  resultant  divides  their 
angle  into  unequal  parts,  approaching  more  nearly  to  the  direction 
of  the  larger  force. 

As  we  can  find  the  resultant  of  two  forces  acting  upon  a  point, 
BO  it  is  likewise  easy  to  ascertain  the  resultant  of  any  given  number 
of  forces,  nothing  more  being  necessary  than  to  find  the  resultant 
of  the  two  first  forces,  then  their  resultant  with  the  third  force, 
and  so  on. 

As  two  forces  can  be  replaced  by  a  single  force,  so,  conversely, 
we  may  substitute  two  forces  for  one;  and  we  see  further,  that  an 
infinite  number  of  different  systems  of  forces  may  have  the  same 
resultant,   and   conversely,   that  one  force  may   be  replaced  in 
no.  9.  innumerably   different    ways  by  a   sys- 

^  tcni    of   two    forces.      But   if   it  were 

required  that  the  force  a  r  should  be 
replaced  by  two  other  forces,  one  of 
which  should  have  the  direction  a  y, 
and  the  magnitude  a  c,  the  problem 
is  perfectly  definite,  there  being  but 
one  way  to  complete  the  parallelogram,  and  to  find  the  component 
OT  lateral  force  a  b. 

From  the  parallelogram  of  forces  arc  derived  the  laws  of  equili- 
brium in  all  simple  machines;  and  these  wc  now  proceed  to 
describe. 

Tlie  Inclined  Plane  affords  a  practical  illustration  of  the  dccom- 
position  of  forces.  When  a  weight  rc»ts  upon  a  plane,  which 
forms  an  angle  x  with  the  horizon,  the  granty  of  the  body  acting 
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in  the  direction  a  b  'i»  nu  longer  at  right  augles  to  the  plane,  and, 
consequently,  the  latter  has  not  to  support  the  fuU  pressure  of  the 
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weight  of  tlie  load.     In  fact,  the  gravity   of  the    body  may  be 

decomposed  into  two  forces,  the  one  of  which  acts  at  right  angles 
with  the  plane,  causing  the  pressure,  while  the  other,  acting 
partdJel  with  the  inclined  plane,  urges  the  hody  down  it.  The 
magnitude  of  these  two  forces  may  easily  bo  obtained  by  construc- 
tion, li  a  b  represent  the  magnitude  and  the  direction  of  gravity, 
we  have  only  to  draw  a  line  at  right  angles  with  the  incUned  plane 
through  a,  and  another  parallel  with  it,  then  join  b  and  tl,  and 
drop  the  peq)cndicular  b  c.  The  line  a  d  rej)rc8cnt8  the  amount 
of  pressure  which  the  plane  has  to  support,  a  e  the  amount  of 
force  which  impels  the  load  down  the  inclined  plane,  or,  in  other 
words,  the  pressure  upon  the  plane,  and  the  force  which  tends  to 
move  the  body  parallel  to  the  iucUued  plane  are  to  the  weight  of 
the  body  as  the  lines  a  d  and  a  c  arc  to  a  b. 

But  the  triangle  a  b  c  '\%  siuiilai*  to  the  triangle  R  S  T  and  a  b  : 
a  c  =  Ji  S:  STf  and,  consequently,  the  force  which  urges  the 
body  down  the  inchned  plane  is  to  its  weight  as  the  height  of  the 
plane  is  to  its  length.  Lf  we  denote  by  x  the  angle  which  the 
inclined  plane  makes  with  the  horizon,  then  it  is  evident  that 
a  c  ==^  a  b  silt,  x  and  b  c  :=  a  b  cos.  x ;  and,  therefore,  if  P  repre- 
sents the  weight  of  the  body,  the  pressure  which  the  plane  has  to 
support  is  equal  to  /'  cos.  x,  and  the  force  that  urges  the  body 
doHn  the  plane  is  equal  to  P  sin.  x. 

We  will  attempt  to  make  this  point  dearer  by  the  fol- 
lowing illustration.     If  wc  lay  a  load  in  a  little  carriage,   and 


I 
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place  it  ujwii  an  inclined  pluni^,  it  will  roll  down ;  this  may, 
however,  be  hindered  by  attacliing  to  the  can-iage  a  line,  pasaing 
round  a  pulley,  and  having  the  weight  P  suspended  from  its  other 
extrtmity.  Supposing  the  little  carriage  and  its  load  to  weigh  100 
ounces,  and  the  angle  x  to  he  30°,  then  S  T  ^  ^  R  S^  and, 
consequently,  a  c  i=  ^  a  b ;  that  is  to  say,  the  force  which  urges 
the  carriage  down  the  plane  is  equal  to  the  half  of  its  weight,  and 
the  carriage  will,  therefore,  be  prevented  from  rolling  down,  if  we 
make  the  weight  P  equal  to  50  ounces. 

If  the  angle  x  were  19^30',  then  would  S  T  =  ^  R  S,  md 

100 

then  the  weight  P  need  only  be    —  =  33  ounces  to  prevent  the 

carriage  from  rolling  down  the  plane. 

As  sin.  14°  30'  nearly  =  ^,  that  is  to  say,  when  the   angle 

100 
a-  =  14°  SO'  S  r=  J  ii  5,  in  this  case  P  must  =  —  =  25 

ounces. 

In  order  to  make  experiments  with  reference  to  different  angles 
of  inclination,  we  must  use  a  polished  board,  which  by  means  of  a 
hinge  is  so  secured  to  a  fixed  horizontal  board  as  to  admit  of  being 
placed  at  any  angle  of  inclination  that  may  be  required.  The 
pulley  round  which  the  line  is  passed  may  be  secured  to  the  boai'd, 
but  we  may  also  easily  make  use  of  one  of  the  rods  in  Fig.  7  for 
this  jjurposc,  as  the  slide  may  he  pushed  up  and  down  to  raise  or 
depress  the  pulley  to  the  elevaliou  required.  InsteuJ  of  attaching 
the  weight  P  directly  on  the  hne,  we  lay  it  in  a  scale  which  has 
been  weighed,  and,  together  with  its  contents,  must  be  made  equal 
to  the  computed  weight  /*. 

We  daily  see  the  praetic4i1  application  of  the  inclined  plane. 
Kvery  road  leading  up  an  ascent  is  an  inclined  plane,  on  which 
weights  are  lifted  from  valleys  to  the  summit  of  hills ;  for  instance, 
in  order  to  draw  a  loaded  waggon  up  a  hilly  road,  besides  the 
force  necessary  to  overcome  the  frietion  (which  is  likewise  required 
upon  even  ground),  we  must  ajiply  another  force  to  sustain  the 
equilibrium  with  that  portion  of  gravity  acting  parallel  with  the 
inclined  plane,  and  which  increased  with  the  steepness  of  the  road. 
For  this  reason  it  is  preferable  to  make  a  road  winding  eircuitously 
round  a  hill,  instead  of  carrying  it  directly  upward.  It  frequently 
happens  in  erections  of  altuost  every  kind  that  the  materials  for 
building  are  raised  to  the  required  height  by  means  of  inclined 
planes.     This  application  of  the  mclined  plane  was  knon'D  to  the 
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ancients ;  and  it  is  highly  probable  that  the  Egyptians  availed 
themselves  of  it  in  order  to  raise  the  huge  blocks  of  stone  which 
they  employed  in  constructing  their  pyramids. 

The   Screw  is  an  inclined  plane  wound  round  a  cylinder.     Let 
no.  n.  «/»  c,  Fig.  12,    be 

a  rectan^lar  piece 
of  paper  whose  ho* 
rizontal  side,  a  6, 
is  equal  to  the  cir- 
cumference of  the 
cylinder.  Fig.  11, 
the  paper  be  so 
wound  around  the 
cybnder  that  a  b  shall  form  the  periphery  of  its  base,  the  hypo- 
thenuse  a  c  will  wind  round  the  cylinder  in  an  uniformly 
ascending  cuned  line,  op  q  r;  if  the  point  a  coincide  with 
the  point  o,  b  will  also  coincide  with  o,  and  c  will  be  vertically 
over  0  at  r.  The  curved  line  o  p  ij  r,  which  is  rejjresented  in  our 
figure,  is  termed  the  thread  of  the  screw  ;  and  its  reverse  side  has 
been  drawn  white  in  order  to  show  the  entire  curvature  of  the  line, 
from  0  to  r,  is  the  distance  of  two  contiguous  threads. 

If  we  imagine  a  triangle  continued  along  the  thread  of  the  screw 
roimd  the  cyUndcr,  we  obtain  a  screw  with  a  triangular  thread,  as 
FIG.  13.  ric.  u.     shown  in   Fig.  13;  and,  if  we  suppose  a 

parallelogram  wound  iji  like  manner  roimd 
the  cylinder,  we  have  a  fiat-threaded  screw, 
as  represented  in  Fig.  14.  A  screw  cannot 
by  itself  lie  applied  to  remove  or  lift  heax'y 
weights,  or  to  exercise  any  strong  pres- 
sure ;  for  to  effect  these  purposes  it  must 
be  »o  combined  with  a  screw-box  or  nut 
(which  is  a  concave  cylinder,  on  the  interior  of  which  a  corres- 
ponding spiral  canty  is  cut),  that  the  elevations  of  the  one  may 
accurately  Ht  into  the  depressions  of  the  other.  If  we  suppose  the 
screw  to  !«*  fixed  vertically,  then  e\eTy  revolution  must  cause  an 
elcA'ation  or  depression  of  the  nut.  If  a  weight  lying  in  the  nut 
should  be  raised  by  the  turning  of  the  screw,  it  is  evident  that  the 
same  principles  are  at  work  here,  as  in  an  inclined  plane  of  equal 
elevation.  The  steepness  of  the  convolutions  of  the  screw  is 
inversely  proportional  to  the  distance  between  two  contiguous 
threads  as   compared  with   the  circumference  of  the  cylinder. 
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The  screw  is  used  partly  to  lift  heavy  weights,  and  partly  to 
fliLStain  great  pressure,  the  resistance  acting  iu  some  cases  u|>on 
the  screw  itself,  and  in  others  upon  the  screw-box.  In  estimating 
the  effect  of  a  screw  we  must  not  lose  sight  of  the  fact  that  friction 
plays  a  conspicuous  part  in  its  action  ;  but  of  this  we  shall  speak 
presently.  In  order  to  make  use  of  the  screw  as  a  powerful 
macbincj  the  turning  force  is  not  applied  directly  to  the  circum- 
ference, but  to  a  lever,  or  arni,  as  we  may  obser\e  in  all  screw- 
prcsflcs. 

The  fVedge. — Another  form  of  applying  the  iucUncd  plane  m  the 
wedge,  which  is  used  to  cleave  wood  and  masses  of  stouc.     By 
,ro.  15.  ihrusting  wedges  under  their  keels,  ships  are 

raised  for  the  purpose  of  being  repaired  in 
the  docks.  The  wedge  is  the  principal  agent 
in  the  oil-raill.  The  seeds  from  which  the 
oil  is  to  be  extracted  are  introduced  into  hair 
bags,  an<l  placed  between  pieces  of  hard  wood.  Wcdgc.s  inserted 
between  the  bags  arc  driven  by  allowing  heavy  beams  to  fall  on 
thcui.  The  pressure  thus  excited  is  so  intense  that  the  seeds  in 
the  bags  are  formed  into  a  mass  nearly  as  solid  as  wood.  All  our 
rutting  implements,  »»  knives,  chimU,  scissors,  are  nothing  more 
than  wedges.  It  must  be  perfectly  clear  to  every  one  that  the 
action  of  the  wedge  may  be  referred  to  that  of  the  inclined  plane. 

The  PuUey  is  a  round  thin  chsc,  hollowed  out  on  its  edges,  and 
turning  upon  an  axis  passing  through  it«  centre  at  right  angles 
with  its  plane. 

We  divide  pultej's  into  the  futed  aiul   moveable,      fixed  pulleys 

are  such  as  have  an  immoveable  axis,  and  simply  allow  of  things 

being  turned  round  them.     If  a  string  or  line  be  passed  round  a 

part  of  the  circumference  of  a  fixed  pulley,  Hnd  forr<*s  net  at  either 

rie.  16.  extremity,  a  state  of  equilibrium  wdl    not    be 

A  brought  about  unless  the  force  which  stretches 
the  line  on  the  one  side  be  et|ual  to  the  force 
acting  on  the  other.  Fig.  16  represent*  a  pulley, 
c,  moving  round  a  fixed  axis,  and  the  line 
stretched  by  force*  acting  in  the  directions  a  b 
and  d  e.  If  we  snp[>ose  the  lines  d  e  and  a  b 
prototiged  to  their  intersecting  point,  m,  it  is 
evident  that  if  m  were  a  point  connected  nith 
the  pulley,  wc  could  change  the  pointa  of 
\  application  of  the  two  forces  from  n  and  d  to  m 
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^^     witlioiit  altering  anything  in  the  action  ;  and  thus  wc  should  have 

I  two  forces  meeting  at  m,  which  could  only  be  in  equilibriiun  if 

I  their  residtant  were  so.     If  the  two  forces  meeting  in   m,    and 

I  acting  in  the  directions  m  b  and  m  e,  are  equal,  their  resultant  will 

W  bisect  the  angle  b  m  e,  and  will  then  pass  through  the  foed  central 

point  e,  and  we  shall  have  a  condition  of  equilibrium.     If  one  of 

the  two  forces  be  greater  than  the   other,  the  resultant  will  no 

longer  pass  through  the  Hxcd  point,  and  conae<j^uently  equilibrium 

will  not  be  maintained. 

TTic  pressure  which  the 


no.  18. 
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»iu.  »*.  s^^  /  axis  of  the  pulley  has  to 

^0^  \^  /      sustain   must   clearly    be 

^^^Hk  >y  ^^^^k  /  ^"al  to  the  rcHultant  of 

f^^^^  ^"^^^^^m  ^^^  ^^  forces  ;  and  if  the 

^H  ^W  dircction.0  of  the  forces  be 

X  jL  )f  parallel,  as  in  Fig.  17,  the 

¥  T  k  pressure  upon  the  axis  is 

equal  to  the  sum  of  the 
two  forces,  iu  which  we  might  also  include  the  weight  of  the 
pnlley.* 

A  moveable  pnlley  cannot  be  in  equilibrium  unless  the  forces  by 
which  the  two  ends  of  the  string  are  stretched  are  equal  to  one 
another,  for  in  this  case  only  does  their  resultant  pass  through  the 
central  point  of  the  disr.  The  action  of  this  rejuuUant  is  not 
arrested  owing  to  the  fixed  condition  of  the  axU,  but  owing  to  there 
being  a  third  power  in  the  axis  in  the  direction  of  the  resultant, 
which  is  equal  and  opposed  to  it.  This  third  power  is  usually 
applied  to  a  hook  fastened  on  the  block.  At  Fig.  18  it  is 
represented  by  a  weight. 

When  the  two  ends  of  the  line  passing  round  the  moveable 


*  It  mtg^ht  be  objected  that  this  is  irguing  in  a  cnrcle ;  for  we  ha^-c  tlrtady  used 
Ifae  pulley  u  an  cKprrimcntal  illtiitrattonaf  the  correctnesa  of  the  proposition  of  the 
paniltcli^Tani  of  forces,  and  now  ytc  derive  the  conditions  of  equilibriiiio  in  ■  pulley 
from  the  ptrallelograiB  of  forces.  This,  however,  is  not  so  unreasonable  as  it  may  it 
fint  Kight  apitear  ;  for,  although  the  conditions  of  n|i)ilibriuni  between  all  Uie  forcet 
acting  on  a  pullcT  can  only  be  ondcntood  Id  all  their  bearings  b;  means  of  1U«  theory 
of  the  panHclognni  of  fbrcea,  we  may  eanly  pereeiTe,  eren  without  any  knowledge 
of  Uicae  laws,  tliat  the  powers  acting  on  txtth  cods  of  a  string  (the  tension  of  the 
ttring  remaining  constant)  passed  mimd  a  polley  must  he  equal  if  ihcy  are  to  be  in 
equUibriuni ;  for,  as  each  force  tends  to  turn  the  pulley  in  an  oppoaile  direction,  a 
state  of  equilihriuui  can  only  be  brought  abuui  when  these  forces  ate  equal,  as  must 
already  have  been  made  evident  to  all  in  our  illustration  in  Pig.  7. 
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"*  W-  piilley  arc  parallel  to  each  other  as  in  Fig.  19, 

it  is  evident  that  the  force  with  which  each  end 
18  drawn  is  half  as  great  as  the  weight  hanging 
to  the  block.  When  two  groups  of  pnllevs,  of 
which  the  one  is  fixed,  and  the  other  move- 
able, are  so  connected  by  a  line  that  the  latter 
may  pass  from  the  one  to  the  other,  we  have 
a  s^'stem  of  pulleys. 

Fig.  20  represents  a  system  consisting  of 
three  fixed  and  three  moveable  pulleys.  The 
weight  q  which  is  attached  to  tlie  coumioii 
block  of  the  three  moveable  puUe}'8  is  sup- 
jxirted  by  the  six  lines  which  connect  the 
upper  and  lower  pulley « ;  and  consequently, 
as  the  weight  is  equally  divided  between  the 
lines,  each  is  drawn  by  one  sixth  of  the  weight 
q ;  and  if  sixty  pounds  weight  were  suspended 
to  the  bottom,  each  line  would  be  drawn  upon 
by  a  force  of  ten  pounds. 

If  we  observe  the  external  line  to  the  left 
side  which  connects  the  h»weat  of  the  move- 
able pulleys  witli  the  highest  of  those  that  are 
fixed,  wc  shall  see  that  this  line  runs  round 
the  top  p»illc)',  and  hangs  freely  down  on  the 
right  side.  Now,  in  order  to  establish  a  slate 
c^  cqniUbrium,  it  is  necessary  that  the  tension 
of  the  line  should  be  equal  on  the  two  sides  of 
the  np|>cr  putl('\' ;  and  as  wc  have  seen  that  the 
line  to  the  left  is  drawn  with  the  force  of  one 
sixth  of  the  weight  at  q,  it  is  necessary  to 
attach  a  weight  equal  to  one  sixth  of  q  to  the 
end  of  the  line,  in  order  to  obtain  a  state  of 
equilibrium.  We  may,  therefore,  again  poise 
a  weight  of  sixty  pounds,  by  attaching  to  the 
line  a  weight  of  ten  |Kiunds. 
Ajb  the  amount  of  weight  bearing  upon  the  lines  dqjends  U]x>n 
their  number,  that  is  the  number  of  pulleys  couiposing  the  system, 
it  follows  that  another  rehiti<jn  will  be  established  between  the 
fiirceH  and  weights,  but  this  can  readily  be  obtained  by  a  similar 
uiudc  of  dedtirliun. 

Thf  Lever, — Suppovc  ft  line  passed  round  a  pulley,  to  the  end 
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Eof  which  the  weight/)  (Fig.  21)  is  attached;  whilst,  on  the  other 
side,  the  line  is  drawn  in  the  direction  a  A,  with  a  force  equal  to 
riu.  21.  ^^e  weight  p.     Here,    how- 


.^ 


ever,  acrordinp;  to  the  theory 
of  the  parallelogram  offerees, 
we  may  decoinj>ose  the  forces 
meeting  at  «,  and  acting  in 
the  direction  a  A,  into  lateral 
forces,  one  of  which  acta  in 
the  direction  of  d  from  a, 
being  a  prolongation  of  the 
direction  of  the  radius  m  a, 
while  the  direction  of  the 
other  force  fl  /is  parallel  with 

gp- 

If  the  pulley  be  fixed,  the 
action  of  the  force  a  d  will  be 
counteracted  by  the  resist- 
ance of  the  fixed  central 
point  m ;  we  may,  therefore,  entirely  remove  the  component  force 
acting  in  the  direction  a  rf,  without  disturbing  the  equilibrium, 
and  we  may  replace  the  active  force  a  i  by  its  component  force 
acting  in  the  direction  of  a/. 

If  the  line  a  c  represent  the  force  p  acting  in  the  direction  a  A, 
then  the  line  ff/will  give  the  amoiuit  of  the  component  force  P, 
and,  without  further  working  out  the  relations  of  size  between  a  c 
and  a  fox  p  and  P,  we  see  at  once  that  P  must  be  larger  than 
p;  we  might,  therefore,  without  disturbing  the  equilibrium, 
replace  the  force /J,  acting  in  the  direction  a  A  by  another  force 
/*,  likewise  acting  at  a,  but  in  a  vertical  direction. 

Instead  of  letting  the  force  P  act  directly  at  a,  we  may,  without 
disturbing  the  equibbrium,  choose  any  part  of  the  line  o  /  as  the 
point  of  application  ;  we  may,  for  instance,  let  the  force  P  act  at 
the  point  A,  where  the  lines  afnndff  m  intersect  each  other,  and 
thus  we  have  two  rectangular  forces;)  and  P  in  a  state  of  equili- 
brium, at  the  ends  of  a  straight  line  h  g  revolving  round  m. 

"«•  2*.  The   two    forces    are    unequal,    as    their 

T"  r  respective  points  of  applicatiou  at  h  and  g 

are  at  unequal  distances  from  the  fulcrum  m. 

ri«  We  have  now  to  ascertain  the  relation  which 


[] 


exists  between  the  magnitude  of  the  forces  p 
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and  Pf  and  the  lengths  h  m  and  ff  m.  Tlie  triangles  c  af,  Pig.  21, 
and  a  h  m  arc  similar  to  each  other,  and  hcuce  a  c :  a  f  =  h  m  :  a  m. 
But  the  lengtha  a  c  and  a  f  arc  to  each  other  a»  the  forces  p  and 
P :  thua  we  have 

p :  P  =^  hm:  am, 
and  since  a  m  ^  ff  m, 

p :  P  =  h  m  :  ff  ntf 

p.P  =  L.l    .    .     .    .    (1), 
if  we  make  the  length  k  m  ^  L  and  ff  m  =  i.     Or,  to  express 
the  same  fact  inwards,  we  may  say  that  the  forces  P  and  p  bear 
an  inverse  ratio  to  the  distances  of  their  points  of  application  from 
the  fulcrum  m. 

A  straight,  indexible  rod  turning  round  a  6xed  point  is  called  a 
lever-  If  two  opposite  forces  at  right  angles  to  its  direction  be  applied 
at  two  different  points  of  a  lever,  a  slate  of  equilibrium  will  be  estab- 
lished when  the  above  condition  has  been  fulfilled.  The  distance 
of  the  point  of  application  of  a  force  from  the  i\ilcruni  is  called  the 
arm  of  the  lever ;  and  wc  may,  therefore,  thus  exprcs:)  the  condition 
of  equilibrium  in  the  lever.  Two  forces  tending  to  draw  the  lever 
in  opposite  directions  are  in  equilibrium  when  they  bear  an  inverse 
proportion  to  the  corresponding  arms  of  the  lever. 

If,  for  instance,  the  arm  h  m  (Fig.  22)  was  half  the  length  of 
ff  m,  then  P  must  be  twice  as  lai^*  as  />.  A  force  p  may  be  in 
equilibrium  with  a  hundredfold  larger  force  /^  if  the  arm  m  ^  be 
100  times  as  long  as  the  arm  h  m. 

From  the  pro|>ortion  (1),  it  follows  that  P  L  ^=  p  I,  that  is 
to  say,  in  order  that  two  forces  in  a  lever  shall  be  in  equilibrium, 
it  ia  necessary  that  the  products  of  the  force  and  the  distance 
at  which  it  acts  from  the  fulcrum  be  equal  for  both  forcL-s.  If, 
for  instance,  the  force  p  =  6  ounceit,  and  the  arm  be  12  inches, 
it  would  be  necessary,  in  order  to  bring  thent  to  a  state  of 
equilibrium,  to  have  on  the  other  side  an  arm  three  times  shorter, 
that  is,  4  inches,  acted  on  by  a  force  three  timers  greater,  that  is, 
3x6  =  18;  it  is  evident  that  the  product  6 x  12  is  equal  to 
the  product  4x  18. 

The  product  obtained  by  multiplying  the  force  by  the  arm  of  the 
lever  is  called  the  static  mommt  of  the  force.  We  may  also  define 
the  static  moment  of  a  force  as  that  forct^  which,  acting  at  an  arm 
of  one  unit  on  the  opposite  side  of  the  fulcrum,  shall  presone  the 
Mate  of  equilibrium. 


In  Fig.  23,  if  we  uasunie  lliat  the  force  to  the  rig!it  =  6,  and 
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tlu*  arm  of  the  lever  =  5,  the  static 
moment  uf  the  force  will  be  5  x  6 
^  30  J  then,  if  the  force  on  the  left 
hand  is  to  be  in  a  state  of  equilibrium 
I  with  the  former,  the  static  moment 
'  of  the  two  must  be  equal,  and  the 
force  acting  on  the  left  aide  on  an  arm  cqna)  to  3  must  bave  a 
valve  of  10.  But,  instead  of  letting  the  force  6  act  on  the  arm  of 
length  5,  we  might,  without  disturbing  the  equilibrium,  apply  a 
force  of  30  on  the  arm  of  lengtli  1  ;  and,  in  like  manner,  the  foree 
10  acting  on  the  other  side  of  the  lever,  which  equals  3,  may  be 
replaced  by  a  force  of  30  acting  at  an  arm  equal  to  1. 

When  several  forces  act  on  'each  side  of  the  fulcrum  a  state  of 

equilibrium  will  be  established,  if  the  sums  of  the  static  moments 

on  each  aide  be  equal.     For  example,  in  Fig.  24  m  is  the  fulcrum, 

no.  24.  and  on  one  side  the  force  5 

■  ,      ,     CT    ,  ^  ^  acts  on  the  ann  2,  the  force  2 

[  _|  ^11      ^1    on  the  anil  4,    and  the  force 

?  Op  9       ?        El  4  on  the  arm  6,  while  on  the 

other  side  the  forces  10  and  3 
act  on  the  arm  3  and  4.  Now,  all  these  forces  will  be  in  a  state 
of  equilibrium,  for  the  sums  of  the  static  moments  of  both  sides 
are  equal.  The  sum  of  the  static  moments  on  the  one  side  ia 
5x  24-2x4  +  4x  6^  42,  and  the  sum  of  the  same  forces 
on  the  other  aide  is  10  x  3  +  3  x  4  ^  42.  Instead  of  the  force 
5,  which  acts  at  the  distance  2,  we  might  have  the  force  10  at  the 
distance  1 ;  thus  also  the  forces  2  and  4,  acting  at  the  distances  4 
and  6,  may  be  replaced  by  two  other  forces,  8  and  24,  acting  at 
right  angles  to  arm  1 .  Wc  may  likewise  substitute  the  forces  10, 
8,  and  24,  acting  at  the  distance  1,  for  the  forces  5,  2,  and  4, 
acting  at  the  distances  2,  4,  and  6  respectively ;  or,  in  other 
words,  we  may  replace  the  three  forces  5,  2,  and  4,  acting  on 
their  different  arms,  by  one  single  force  of  42,  acting  at  the 
distance  1.  On  the  other  side  we  may  also  substitute  two  forces, 
30  and  12,  acting  at  au  arm  1,  for  the  forces  10  and  3,  acting  at 
the  distances  3  and  4 ;  or  we  may  make  use  of  a  single  force  of  42, 
acting  at  a  distance  1.  As  the  sums  of  the  static  moments  are 
equal  on  both  sides,  a  state  of  equilibrium  must  be  maintained. 
The  common  steelyard  furnishes  us  with  n  good  example  of  the 


nay  serve  to  elucidate  the 

principles  of  this  machine.     A 

lever    is   ntoveubk   about   the 

point  Oj  while  a  scale  is   suh- 

pendcd    at    r,    to   receive    the 

weight  acting    upon    the    arm 

a  Tf  and  this  weight  is  kept  in  equilibrium  by  a  sliding  weight  at 

the  other  arm  of  the  lever.     The  heaner  the  weight  is,  the  further 

must  the  sliding  weight  be  remuvcd  from  tin*  fulcrum  r. 

In  such  a  lever  as  we  have  been  ctmnidering,  the  fulcrum  has  to 
sustain  a  resistance  equal  to  the  simi  of  tlic  forces  on  both  sides ; 
it  may  also  be  in  equilibrium  when  the  fulcnim  is  not  fixed,  but  is 
moved  by  a  power  acting  in  a  contrary  direction,  but  equal  to  the 
Bum  of  the  other  forces.  Fig.  26  cxphuus  this.  Let  us  assume 
Fio.  26.  that  c  is  the  fixed  fulcmni  of  a  lever  m  n,  nt 

the  ends  of  which  the  forces  /*  and  P'  balance 
each  other.  Their  equilibrium  will  not  be 
disturbed  by  the  fulcrum  c  ceasing  to  be 
fixed,  if  a  force  n  be  atUched  to  it,  which 
shall  be  equal  to  the  sum  of  P  and  jty  and 
act  in  an  upward,  as  the  forces  P  and  /" 
draw  in  n  downward  direction. 
Wc  may  rc^in  either  of  the  three  points  m,  c,  or  n,  as  fixed 
without  disturbing  the  equilibrium.  If  one  of  the  extreme  points, 
n  for  instAnee,  be  fixed,  we  have  a  one-anned  lever ;  that  is,  one 
in  which  the  two  forces  iV  and  P  act  on  the  same  side  of  the 
fulcrum  n.  The  two  forces  have  in  this  case  opposite  directions, 
and  the  pressure  upon  the  point  of  support  is  equal  to  the  diffe- 
rence of  the  two  forces  P  and  iV.  The  ami  of  the  force  P  is  /  +  /', 
if  wc  designate  the  length  m  c  as  i,  and  the  length  n  c  as  /' ;  the 
arm  of  force  N  is  /'.  If  c  had  been  the  fixed  fulcrum  wc  should 
have  had  as  a  requisite  condition  of  equilibrium  : — 
P' :  P  =  /.  /', 

and,  consequently. 


a. 


wnr 


1 


i 


P'  +  i' .  p  =  /  +  /' .  /', 


or. 


If,  therefore,  the  foroea  iV  and  P  acting  in  opposite  directions  arc 
to  be  in  equilibrium,  they  must  he  inversely  proportionate  to  the 
length  of  the  arms  at  which  they  act. 
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no.  28, 


1 


"o-  27.  Fig.  27  shows  the  applica- 

tion of  R  single-armed  lever. 
The  valve  p  which  closes  the 
opeuing  of  a  boiler  is  forced 
up  by  the  preasure  of  the  steam,  but  this  prc&«iire  in  eqiiipoiscd  by 
a  much  smaller  force,  the  weight  n  acting  downwards,  because  r 
acts  al  u  longer  arm  than  the  i)rc88urc  on  the  under  surface  of  the 
valve. 

The  two  extreme  points  (Fig.  28)  m 
and  H  of  the  rod  ni  n  may  be  fixed,  while 
a  force  iV  acta  at  e;  so  that  the  point  m 
has  a  pressure  p,  and  the  point  «  a  pressure 
p'  to  support.  \Vlien  two  men  carry  a  load 
hanging  to  a  rod,  each  one  aupportiug 
an  end  of  the  rod  on  their  ahooldera, 
they  have  between  them  the  whole  weight 
to  carry ;  and  when  it  hangs  exactly  in  the  middle  of  the  pole, 
it  wd!  be  equally  divided  between  them  ;  but  if  the  load  should 
be  hung  nearer  to  one  of  them,  he  will  have  the  most  weight 
to  support.  Supposing  that  the  appended  load  weigli  100  Ibs.j 
the  pole  be  3  feet  long,  and  that  the  load  hang  2  feet  from  one, 
and  3  feet  from  tlie  other  end,  then  the  shoulders  of  one  bearer 
will  have  to  support  a  pressure  of  60  lbs.,  and  those  of  the  other  a 
pressure  of  40  lbs. 

We  have  hitherto  only   considered  the  forces  acting  at  right 
angles   to   the   lever ;   equilibrium  may,  however,  be   established 
without  this  being  the  case. 
na.  29. 


T^ 


/ 


In  Fig.  29  n  is  the  fixed  point 

of  the   iever  a  b  ;  at  a  the  force 

p  acts  in  the  direction  a  c,  and  at 

6  the  force  q  in  the  direction  b  d, 

/'#'  -X         the  forces  p  and  q  bearing  the 

-J  S'l  \    :   same  relations  to  each  other  as 

the  lines  a  e  and  b  d.  According 
to  the  law  of  the  parallelogram 
*  of  forces,  p  may  be  decomposed 
into  two  forces,  of  which  the  one  p'  acts  at  right  angles  to  a  i, 
while  the  other  acts  in  the  direction  of  a  h.  In  the  same  way  q 
may  be  decompoaed  into  two  forces,  of  which  one  q'  act  at  right 
angles  to  a  i,  and  the  other  in  the  direction  of  that  line. 

The  action  of  the  two  component  forces  which  act  in  the  direc- 
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tion  of  the  line  n  b  xn  evidently  fully  counteracted  by  the  resistance 
of  ihe  fixed  point  n,  thus  leaving  only  the  action  of  the  forces  p' 
wad  f'.  We  mayj  therefore,  substitute  the  component  forces  p' 
and  q*  acting  at  right  angles  to  the  lever  in  jilace  of  the  ori^nBl 
forces  p  and  q.  A  state  of  equilibrium  will  be  established  Up'  and 
q'  correspond  in  an  inverse  ratio  to  the  length  of  their  arms — 
that  is,  if 

pi  :  q*  =  n  bf  n  a 
or  if 

q'  X  n  b  =  p*  X  n  a. 

If  we  prolong  the  direction  of  the  force  p^  and  draw  «  o  {  =  tj 
per|wnclicnlar  to  it,  we  have  the  triangle  a  o  n,  which  is  similar  to 
the  triangle  whose  hyiwthcnnsc  is  j?,  and  one  of  whose  sides  is/i'; 
and  fi'om  this  it  follows  that 

p  :  p'  ^^  a  n  :  i 
and  consequently  that 

px  I  ^  p'xa  n. 

The  force  /;,  acting  obliquely  on  the  arm  a  n,  acts  exactly  the 
same  as  the  component  force  p'  acting  at  the  same  |X)int  a ;  and 
also  as  if  the  force  p  acted  at  right  angles  to  a  shortened  arm, 
which  is  found  by  Irtting  fall  a  per|»eridicular  from  the  fnlcnim  n 
upon  the  direction  of  the  force. 

The  moment  of  an  ohhque  force  is  found  by  multiplying  the 
force  by  the  perpendicular  let  fall  upon  the  direction  of  the  force 
from  the  axis. 

Thus  the  oblique  force  q  acts  as  if  it  met  the  arm  of  the  lever 
n  f»  at  right  angles,  and  the  two  forces /»  and  q  are  in  equilibrium 
wheu  pxon  =  qxnm. 

no.  30.  By  the  same  process,  we  find  the  n)oment 

f^,^  of  the  forces  when  the  lever  docs  not  form  a 

straight  line.  When  any  fixed  system  turns 
round  a  fixed  axis,  the  forces  that  tend  to 
turn  it  round  the  axis  follow  the  laws  of  the 
le\*er ;  and  these  we  therefore  find  applied  in  many  machines,  which 
may,  therefore,  be  divided  into  more  or  less  complicated  systems 
of  levers.  In  the  windlass  and  capstan  (Figs.  31  and  32)  the 
weight  r  corresjKinds  to  the  counteracting  force  p  in  an  inverse 
ratio  to  the  arms  of  the  lever  ;  that  is,  inversely  to  the  radii  a  b 
and  c  d.  If,  for  example,  the  radius  a  b  of  the  axle  Is  four  times 
less  than  the  radius  e  d  o{  the  wheel,  we  may  equipoise  a  weight 
of  100  lbs.  bv  a  force  of  25  lbs. 
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The  capstan  (Fig.  32)  only  differs  fi-oin  the  windlass  by  having 
its  revolving  axis  placed  vcrticafly,  and  thus  a  comparatively  Bmall 
force  \»  required  at  p  to  move  tlic  weight  r. 

Wlieii  two  parallel  forces  acting  at  right  angles  to  a  lever  are 

Ciiiiipoiscd,  the  eqiiitihriiun  will  not  be  disturhcd  if  we  increase  or 

diuiiriiuh    them    in   equal  proportions,  or   if  we   keep  the  forces 

parallel  to  each  other  in  altering  their  direction.     If,   for  instance, 

no.  33.  the  forces  a  b  ^=  p  and  c  d  =  g,  acting 

• n     J*     on  the  lever  a   c,    are   equipoised,  the 

p^W*  y^Wp  equilibrium   will  not  be  disturbed  if  we 

■  ^       ''^  let  the  forces  act  in  the  parallel  directions 

a  e  and  cf,  for  the  oblique  force  jo  acta 
in  the  same  manner  as  its  rectangular 
component  p^,  and  the  oblique  force  y 
as  the  rectangular  force  9' ;  and  p'  q'  will  certainly  maintain  a 
condition  of  equilibrium   if  it  exists  between  the  forces ;?  and  7, 
acting  perpendicularly  to  the  lever. 

Centre  of  GravUy, — ^A  hcavj'  body,  whatever  be  its  size,  may  be 
regarded  as  a  combination  of  iuuuuicrable  material  points,  acted 
upon  by  gravity.  All  these  forces,  although  innumerable,  may  be 
replaced  by  one  single  force  acting  at  a  fixed  jmint.  This  single 
force,  which  Is  nothing  more  than  the  sum  or  the  results  of  all  the 
individual  actions  of  gravity,  is  termed  the  weight  of  a  body,  and 
the  point  at  which  the  resultant  acts  the  centre  of  ffravity. 

This  definition  is  sufficient  to  prevent  weight  and  gravity  from 
being  confounded.  Gravity  is  the  elementary  force  which  acta 
directly  upon  all  the  particles  of  matter,  while  the  weight  of  a  body 
is  the  sum  of  the  actions  which  gravity  exercises  upon  this  body. 
It  is  very  important  to  be  able  to  ascertain  the  weight  of  bodies 
and  their  centre  of  gravity,  since  we  can  then  substitute  one  single 
for^c,  namely,  the  weight,  for  all  the  elementary  forces  acting  ou 
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the  bodyj  and  one  single  point,  namely,  the  centre  of  gravity,  for 
the  collective  points  forming  the  body.  We  may  thus  consider  a 
heavy  mass,  whatever  be  its  aize  and  form,  as  a  single  point,  on 
vrhich  one  single  force  acts. 

In  a  heavy  body,  possessing  an  extension  of  even  some  hundred 
metres,  the  direction  of  gravitation  will  be  not  only  perfectly 
parallel  for  all  the  molecules,  but  also  perfectly  equal  for  all, 
because  all  the  molecules  will  fall  with  equal  velocity  in  vacuo. 
Tlw  cetttre  of  gravity  is  consequently  nothing  more  than  the  centre 
of  parallel  and  equal  forces,  where  the  position  does  not  change 
when  the  position  of  the  body  with  respect  to  the  direction  of 
quantity  changes. 

\^'c  deduce  from  the  laws  of  the  action  of  parallel  force*  the  fad 
that  every  solid  body  must  have  such  a  centre  of  gravity-     If  an 
no.  34.  immovable   straight  line   a  b   (Fig.  34)    be 

supported  at  its  centre  and  loaded  at  both 
ends  with  equal  weights,  the  whole  will  be 
in  cquilibriimi,  in  whatever  direction  the 
line  be  turned  round  the  point  at  which  the 
central  force  acta,  whether  the  line  be  in 
the  position  a  A,  or  in  the  position  a  h'.  liCt 
us  assume  that  the  two  pointft  a  and  b  arc 
two  heavy  molecules,  connected  by  the 
straight  rigid  rod  a  b,  supposed  devoid  of 
weight ;  then  it  is  clear  that  equilibrium  must  occur  if  only  the 
point  c  be  supported,  whutcver  be  the  position  of  the  line  a  b. 
The  point  c  would  be  nothing  more  than  the  centre  of  gravity  of 
the  body  consisting  of  the  two  molecules.  We  may  regard  the 
actions  of  the  forces  of  gravity  of  the  two  molecnles  c<tmbined  at 
the  centre  of  gravity,  without  on  that  account  the  cquiLbrium 
being  disturbed.     If  at  the  three  angle*  of  a  rigid  triangle,  a  b  e 

(Fig.  35),  supposed  to  be  devoid  of 
weight,  three  equal  and  parallel  forces 
are  at  work,  it  is  easy  to  ascertain  the 
position  of  their  central  force.  We 
may  unite  the  two  forces  acting  at  b 
and  e  in  the  centre  d  of  the  line  b  e 
without  disturbing  the  equilibrium, 
and  thus  the  action  of  the  three  forces 
is  reduced  to  the  action  of  the  two 
wrting   at   the   points  a  and  d.     The 
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force  acting  at  d  is  twice  as  great  as  that  at  a ;  if,  thcreforCj  wc 
divide  the  line  a  d,  passing  through  the  point  m,  into  two  parts, 
of  which  the  one  a  m  is  twice  as  long  as  the  remaining  part  d  m, 
a  state  of  equilibrium  will  necessarily  be  established  between  the 
parallel  forces  2  p  and  p,  acting  at  d  and  o,  if  only  the  point  m  be 
supported^  whatever  be  the  position  of  the  line  n  d.  But  as  the 
force  acting  at  d  is  only  the  resultant  of  the  paralUl  forces  at  b  and 
e,  we  may  take  these  forces  themselves  instead  of  their  resultant ; 
and  thus  it  is  clear  that  the  three  parallel  forces  acting  at  a,  b,  and 
e  must  be  in  equilibrium  if  the  point  m  be  supported,  or  if  a  force 
equal  to  3  p,  acting  in  an  opposite  direction,  be  applied  at  m, 
whatever  may  be  the  position  of  the  triangle  in  other  respects. 

If  we  assume  that  a,  b,  and  e  are  three  heav)'  molecules,  which 
must  necessarily  always  retain  the  same  relative  position  towards 
each  other,  then  the  gravity  of  these  molecules  will  act  in  the  same 
manner  as  the  weights  attached  at  a,  6,  and  e,  and  it  is  cvideat 
that  the  body  consisting  of  the  three  molecules  will  be  in  equili- 
brium if  only  its  centre  of  gra\ity  m  be  supported. 

ilxaotly  as  we  can  demonstrate  that  two  or  three  firmly  united 
molecules  must  have  a  centre  of  gravity,  we  VA^^  likewise  compre- 
hend that  every  4,  5,  6,  &c.,  firnily-unitcd  niolccalcs  must  have 
such  a  centre  of  gravity,  and,  fiirther,  that  every  solid  body  must 
have  a  fixed  point  of  that  nature,  whatever  be  the  number  of 
ntolecules  of  which  it  is  compowj. 

The  only  requirement  necessary  to  the  equilibrium  of  a  heavy 

body    is   that   its   centre   of  gravity    should   be   supported.      If, 

therefore,  the  centre  of  granty  of  a  body  be  a  fixed  point,  the 

body  will  always  he  in  equilibrium,  iu  whatever  manner  we  may 

turn  it.     We  may  prove  this   by  means  of  a  homogeneous  disc, 

made  to  revolve  round  a  horizontal  fixed  axis,  passing  through  its 

centre  of  gravity.     If  a  body  be  supported  at  a  point  that  docs  not 

coincide  with  its  centre  of  gravity,  it  may  still  be  in  equilibrium, 

B  although  only  in  two  special  positions,  when  the  centre  of  gravity 

I  lies  verticidly  above  or  below  the  point  of  support.  This  experiment 

^^^      is  also  easily  madu  by  nieuus  of  a  disc. 

^^H  From  these  considerations  we  may  deduce  a  method  which  will 
^^^  enable  us  to  show  by  experiment  how  to  find  the  centre  of  gravity 
I  of  a  body.     If  wc   suspend   the  body  at  a  point  a  [Fig.  3G},  the 

I  direction  of  the  thread  supporting  it  will  pass  through  a  part  e  on 

I  the  margin  of  the  body.     The  centre  of  granty  must  necessarUy 
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b,  the  equilibrium  is  stable,  for  if  wc  reraove  the  disc  from  this 
position  it  will  always  teud  to  return  to  it.  If  wc  turn  the  disc  a 
little  round  the  axis  6,  the  centre  of  gravity  is  moved  to  the  right 
or  left  along  the  arc  m  n ;  it  is  no  longer  supported,  because  it  no 
longer  hea  vertically  l)elow  b,  and  the  gravity  acting  upon  it  draws 
it  back  to  its  position  of  cquilihriiun.  If  the  axis  passes  through 
the  lower  hole,  c,  complete  equilibrium  is  not  established,  but 
simply  unstable  equilibrium  ;  for  as  soon  as  the  centre  of  gravity  is 
in  the  least  removed  from  the  vertical,  passing  through  c,  instead 
of  returning,  it  describes  a  semicircle  until  it  reaches  a  point 
vertically  placed  below  the  point  c. 

We  may  thus  generally  express  tliis  result : — A  body  attached 
to  an  axis  may  be  in  a  state  of  stable,  unstable,  or  indifferent 
equilibrium,  according  to  whether  its  centre  of  gravity  lies  below, 
or  above,  or  within  the  axis. 

Let  U8  sec  what  happens  when  u  disc  is  placed  upon  a  horizontal 
or  iucliaed  plane,  and  assume  that  the  disc  is  »o  cuui  poised  of  lead 
no.  43.  ^^^  wood  that  its  centre  of  gravity  lies  in  the 

circle  a  b  d.  In  this  case  none  but  a  stable  or 
unstable  equilibrium  can  exist ;  the  former 
when  the  centre  of  gravity  rests  at  a,  the 
lowest  point  in  the  circumference  a  b  d,  and 
the  latter  when  the  centre  of  graWty  is  at  the 
highest  point,  b,  of  this  circle. 

If  the  same  disc  were  placed  on  an  inclined 
phine  (Fig.  44),  equilibrium  would  be  estab- 
lished if  the  centre  of  gravity  lay  in  the 
vertical  plane  p  b,  passing  through  the 
point  of  contact.  Stable  equihbriuin 
will  then  be  established  when  the  centre 
of  gravity  is  at  the  lowest  point  a,  and 
onstable  equilibrium  when  it  Ues  at  the 
highest  point  b. 

If  we  assume  that  the  disc  is  in  a 
state  of  unstable  equilibrium,  and  were 
moved  a  little  towards  the  right  side,  it  would  roll  up  the  inclined 
planu  until  the  condition  of  stable  cqailibriuni  was  again  re- 
oitabiished.  During  this  apparent  elevation  the  centre  of  gravity 
ncverthclcffi  continues  to  approach  the  lowest  points. 

When  a  body  stands  upon  the  ground,  with  a  more  or  less  wide 
base,  the  i»erpcndieular  drawn   through  its  centre  of  graWty  must 
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within  the  base,  if  a  state 
of  equilibrium  is  to  be  estab- 
lished. 

Thus  the  inclined  cylinder  would 
be  in  equilibrium  (Fig.  45),  if  its 
height  did  not  exceed  the  shaded 
part  of  the  figure ;  but  it  must  fall 
if  its  height  were  such  that  the 
centre  of  gravity  lay  at  b. 
He  broftder  ita  base  is,  and  the  lower  its  centre  of  gravity  lies, 
the  firmer  will  a  body  stand.  A  four-footed  animal  stands  firmly 
when  the  centre  of  graWtj'  of  his  whole  body  lies  over  the  paralle- 
logram oi  which  the  four  angles  arc  indicated  by  the  position  of  its 
four  feet.  If  a  man  raise  an  arm,  the  position  of  the  centre  of 
gravity  will  be  changed ;  and  if  a  bird  project  its  neck,  the  centre 
of  gravity  is  thrown  considerably  for\V(ird.  A  man  carrj'ing  a 
weight  must  change  bis  position  according  to  the  manner  in  which 
he  carries  it.  For  instance,  if  he  bears  the  load  upon  his  back 
(Fig.  46),  be  must  beud  forward  ;  if  he  carr)'  it  in  his  left  hand 
(Fig.  At7)t  he  must  incline  the  upper  part  of  his  body  to  the  right, 
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otherwise  the  direction  of  the  common  centre  of  gravity  of  the 
human  btwly  and  the  load  would  fall  beyond  the  Hue  connecting 
the  feet,  and  the  imin  would  fall. 

The  Baiancc—Thc  cunmion  balance  consists  essentially  of  a  rod 
called  a  beam,  which  revolves  round  a  fixed  horizoutal  aiis  inserted 
in  its  centre.  \Mien  there  is  uo  load  at  cither  end,  the  beam 
should  be  in  a  perfectly  horiisontal  position.     To  cither  end  of  the 
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beam  scale-pans  are  suspcndcil,  which  scne  for  the  reception  of  the 
bodies  to  be  weighed.     U  both  pana  are  equally  loaded,  the  beam 
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will  retain  it«  horizontal  poiiition ;  but,  if  an  unit  of  weight  is 
laid  upon  one  of  the  paua,  the  beam  will  incline  towards  that 
Bide. 

We  will  now  inquire  how  the  conditions  above  mentioned  can 
be  natisHcd.  If  we  iirst  suppose  that  the  scale-paus  are  removed, 
and  UHsuiiie  that  the  hc>ri».>tital  axis  parses  throuifh  the  centre 
of  gravity  of  the  beam,  we  shall  have  a  case  of  indifferent  equih- 
brium,  and  the  beam  will  be  iu  equilibriuut  at  any  angle  with  the 
hori»)n.  Such  an  arrangeiiietit  will  not,  therefore,  fultil  the  first 
condition,  namely,  that  the  beam  should  u^siuiie  a  horizontal 
position  before  the  jiaus  are  loaded.  This  condition  can  only  be 
fultilted  if  the  centre  of  pravitv  nf  the  beam  lie  below  the  fulcrum. 

If  we  draw  a  Une  at  right  angles  with,  and  biaectinp  the  longer 
axia  of  the  beam,  this  line  must  pass  through  the  fulcrum  of  the 
beam,  and  through  its  centre  of  gravity. 

The  8ns|)ension  of  the  pans  makes  no  difference  in  oiur  reason- 
ing, for  we  may  consider  their  weight  concentrated  at  the  point 
of  sus|iension,  and  that  they  thus  form  an  integral  part  of  the 
beam. 

If  wc  unite  the  points  of  suspension  of  the  pans  by  a  straight 
line,  this  line  nuty  pass  through  the  fulcrum,  or  above  or  below  it. 
It  is  most  easy  tu  take  into  couxidcratiun  the  first  of  these  three 
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cases,  while  it  is  likewise  the  most  available  for  practical  applica- 
tiou ;  we  will,  therefore,  begin  with  this  case. 

•"»•  <"■  In    Fig.   40   let    a   6   be 

iB:  —^r^-  -      "T^.^^^-Tig^jtj^    the  straight  line  uniting  the 

I  jjfiit'^    o      pQjjjjg  pf  siiftpcnsion  of  the 

(^P  ^yr  Qn  pans,     whose     weight     we 

^  T^  ^    regard  as  concentrated  at  the 

points  a  and  6,  and  let  e  be  the  point  at  which  the  beam  is 
suspended,  that  is  to  say,  the  point  of  support ;  and  s  the  centre  of 
gravity  of  the  beam.  If  equal  weights  P  are  suspended  at  a  and  A, 
the  beam  will  remain  in  a  horizontal  position ;  for  we  may  consider 
that  one  of  the  weights  acts  directly  upon  a,  and  the  other 
directly  upon  A,  and  thus  the  common  centre  of  gravity  of  the  two 
weights  P  will  correspond  with  the  jjoint  c ;  and  the  common 
centre  of  gravity  of  all  the  weights  suspended  at  c,  that  is  to  say, 
of  the  beam  and  of  the  weights  P,  will  meet  at  a  point  between  e 
and  9 ;  this  common  centre  of  gravity  lying  vertically  under  the 
point  of  support,  the  equilibrium  is  not  disturbed. 

If  we  apply  an  extra  weight  r  on  one  side,  the  centre  of  gravity 
of  the  suspended  weights,  which  we  must  necessarily  consider  as 
concentrated  at  the  points  a  and  h,  no  longer  corresponds  with 
c,  but  falls  ou  the  line  a  b,  in  the  direction  of  the  extra  weight, 
somewhere  towards  d.  Tlie  common  centre  of  granty  of  the  beam 
and  the  weights  will  consequently  be  upon  some  point,  m  in  the 
line  d  s ;  but  since,  whtle  the  beam  is  horizontal,  the  common 
centre  of  gravity  m  is  no  longer  vertically  beneath  the  point  of 
suspension  c,  the  whole  beam  must  revolve  sufficiently  around  the 
axis  c  to  fulfil  this  condition.  Hence  the  arm  e  n  will  necessarily 
rise,  and  the  arm  c  b  pink.  Tlie  angle  which,  on  the  addition  of 
a  shght  excess  of  weight  in  either  pan,  the  beam  makes  with  au 
horizontal  line  is  termed  the  angle,  of  deviation. 

Wc  shall  now  consider  the  points  that  must  be  attended  to  for 
the  construction  of  the  balance,  in  order  to  render  it  sufficiently 
sensitive ;  that  is  to  say,  in  order  that  a  very  slight  preponderance 
of  weight  may  give  rise  to  a  large  angle  of  dcnation. 

1.  The  centre  of  gramty  of  the  beam  must  lie  as  closely  as  possible 
below  the  centre  of  suspension ;  for  if,  in  case  (the  other  conditions 
remaining  unaltered)  the  centre  of  gra\*ity  s  of  the  beam  is  raised 
upwards,  then  the  point  m  will  also  be  elevated  vertically,  which 
must  evidently  produce  au  increase  in  the  angular  de\iation  of  the 
beam.     A  contrivance  has  been  applied  to  good  balances  by  which 
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the  positiou  of  the  centre  of  graWty  is  re^ilatcd.  A  fine  screw  is 
applied  to  the  prolougation  of  the  line  c  s,  on  which  a  weight 
corresponding  to  circumstances  may  be  screwed  up  and  dowoj  by 
which  a  change  in  the  position  of  the  centre  of  granty  is  manifestly 
effected. 

If  this  weight  were  screwed  up  so  far  that  s  corresponded 
with  0,  we  should  have  either  without  a  load,  or  uith  an  equal 
load  on  both  sides,  a  case  of  indiffLTcut  equilibrium  ;  were  wc  now 
to  bring  an  extra  weiglit  r  on  one  aide,  the  jioint  m  would  fall 
upon  the  line  a  6  (sec  Fig.  49) ;  that  is  to  say,  uu  the  addition 
of  the  smallest  extra  weight  the  angle  of  deviatiou  would  become 
a  right  angle,  the  beam  would  be  completely  inverted,  and,  in 
short,  the  instrtiment  would  cease  to  be  of  any  8er\'icc. 

2.  The  sensibiliti/  of  the  baiance  increases  with  tfie  length  of  the 
beam.  If  (everj'thing  else  remaining  the  same)  wc  were  to  lengthen 
the  beam,  the  distance  c  d  would  he  proportionally  greater,  and 
the  point  m  would  thus  also  be  removed  further  from  the  line  c  s 
in  a  direction  ]>arallcl  to  a  b,  and  consequently  the  line  c  m  would 
make  a  larger  angle  with  c  s,  and  the  angle  of  deviation  would  also 
increase.  (It  is  easy  to  see  that  the  angle  m  c  s  \»  equal  to  the 
angle  of  deviation.) 

3.  The  beam  must  be  as  light  as  possible.  We  may  suppose  the 
weight  of  the  loads  2  P  +  r  acting  at  the  point  d,  and  the  weight 
of  the  beam,  which  we  shall  designate  as  g»  united  at  s.  The 
position  of  the  common  centre  of  gravity  m  will  now  evidently 
depend  upon  the  amount  of  the  forces  acting  at  the  ends  of  the 
line  d  8.  If  the  weighty  at  s  and  2  P  +  r  at  rf  be  equal,  m  would 
fall  in  the  middle  of  d  s ;  but  the  smaller  y  becomes  in  comparison 
with  2  P-f  r,  the  more  nmst  m  recede  from  rf,  and  the  larger 
proportionably  will  the  angle  of  de\iation  be.  In  relation  to 
the  two  last  points,  we  are  confined  to  certain  limits  which 
we  cannot  exceed,  since  too  great  a  length  of  the  beam 
would  render  the  balance  inconvenient  for  practical  purposes, 
and  too  great  a  degree  of  lightness  would  deprive  it  of  the 
Decenary  strength. 

Aa  a  matter  of  course,  the  greatest  care  must  be  had  in  the 
construction  of  the  balance  to  render  the  two  portions  of  the  beam 
of  equal  length.  As,  however,  slight  ern)r8  cannot  be  avoided,  we 
must  endeavour  to  correct  them  by  moatis  of  the  method  of 
weighing  which  in  had  recourse  to.  The  best  manner  of  proceed- 
ing in  this  respect  is  probably  the  following ; — The  body  to  be 
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weighed  is  laid  upon  one  scale-pan,  and  equipoised  by  a  sufficient 
quantity  of  sand^  shot,  or  any  other  substance  laid  in  the  opposite 
scale-pan.  This  done,  the  body  to  be  weighed  is  then  removed, 
and  in  its  place  so  many  weights  are  substituted  as  to  restore  the 
balance  to  equilibrium.  These  newly-applied  weights  will  gire 
the  accurate  weight  of  the  body,  whether  or  not  the  arms  of  the 
beam  be  equally  long. 

The  fulcrum  is  formed  of  a  steel  knife-edge,  in  order  as  much 
as  possible  to  avoid  friction,  and  the  scale-pans  are  suspended 
from  similar  edges. 


EI.A8TICITV. 


CHAPTER  II. 


MOLECtTLAA    EQUILIBRIUM. 


We  have  ali-eady  seen  that,  in  order  to  explain  ibc  aggregafe 
ooiiditioDs  of  bodies,  we  assume  the  existence  of  uioleeular  forces, 
which  act  continuously  among  the  separate  particles  of  bodies. 
As  long  a.s  a  body  remains  unchanged  in  its  internal  cunditiou, 
and  as  long  an  the  individual  particles  remain  not  only  at 
unchanged  distances,  but  bUo  in  a  relntively  unclmuged  position, 
the  molecular  forces  acting  among  the  individual  particles  must 
remain  in  cquihbrium.  The  equihbrium  established  between  the 
separate  particles  of  solid  bodies  is  stable,  for  a  gi'^ater  or  lesser 
force  is  necessar)'  to  disturb  this  condition. 

Aswc  liavt:  already  accu,  the  force  of  cohesion  preponderates  in 
solid  bodies,  holding  their  particles  together,  and  acting  alike 
against  their  displacement  and  separation ;  it  being  necessary  to 
employ  a  greater  or  lesser  force  to  bring  about  any  such  displace- 
ment or  separation. 

£'//w/rci/y.— When  the  particles  of  a  solid  body  have  been 
slightly  drawn  out  of  tbeir  relative  position  by  an  external  force, 
the  previously  existing  state  of  equilibrium  is  not  on  that  account 
entirely  destroyed,  for  the  particles  may  rctiu'n  to  their  fonuer 
position  when  the  disturbing  force  ceases  to  act.  This  projierty  of 
lM»dic«,  bv  means  of  which  the  molecules  return  to  their  former 
{lOHition  when  the  du<]>laeemcnt  occasioned  by  an  extennd  force  doca 
not  exceed  certain  limits,  we  term  elasticitt/.  The  elasticity  of 
■olid  bodies  proves  that  the  molecules  are  in  a  state  of  stable 
4X|uihbriuxn,  since  it  is  only  under  such  circumstances  that  a  body 
returns  to  its  position  of  rest,  when  the  external  disturbing  force 
ceased  to  act.     All    bodies  arc  not  equally  elastic :   there  arc 

tic  which  perfectly  assume  their  former  position  after  even  a  very 
considerable  amount  of  displacement,  and  such  bodies  are  especially 
termed  clastic,    as,    for   instance,  india-rubber,  steel,  and  ivory  ; 
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others,  on  the  contrary,  an  lead,  glass,  &c.,  arc  only  elastic  to  a 
limited  degree,  not  being  ahlc  to  bear  any  great  (bH|)lacement  of 
their  particlejs  without  the  previous  condition  of  equilibrium  l>eing 
diftturbcd. 

The  displacement  of  the  particles  may  either  be  occasioned  by 
tension,  compression,  or  rotation. 

When  a  proportionately  large  power  is  necessary  to  produce  a 
displacement  of  the  particles  of  a  body,  wc  term  tlic  latter  hard. 
A  body  may  be  both  hard  and  elastic,  as  is  the  case  with  ivory 
and  steel ;  glass,  on  the  contrary,  ia  hard,  and  but  slightly 
elastic. 

A  body  whuse  particles  can  be  removed  by  an  inconsiderable 
force  is  called  soft.  Soft  bodies  may  be  elastic,  as  iTidia-rubber  : 
or  they  may  possesa  merely  a  small  degree  of  elasticity,  as  is  the 
case  with  moistened  clay.  The  aggregate  condition  of  such  soft 
bodies  may  in  some  measure  be  considered  as  an  intermediate  state 
between  perfect  solidity  and  pei-feet  flui<lity. 

If  the  particles  of  a  body  are  displaced  beyond  the  limits  of 
elasticity,  the  connection  hitherto  existing  between  them  either 
ceases  entirely,  or  the  inokeidcs  arrange  themselves  in  a  new 
condition  of  stable  equilibrium.  lu  the  di-st  case  we  call  the  bodies 
brittle,  in  the  next  ductile.  The  external  fonn  of  lirittlc  bodiea 
cannot  be  permanently  changed  by  pressure,  blows,  &c.  j  n  perfect 
separation  following  when,  by  means  of  such  external  causes,  the 
moleculca  are  displaced  beyond  certain  limits ;  the  form  of  duetUe 
bodies  can,  however,  be  permanently  changed  by  such  mechanical 
means  aa  we  see,  for  instance,  in  the  stamping  of  coins. 

Strength. — ^Tlie  force  with  which  a  body  resists  the  separation  of 
its  particles  is  tenned  its  strength. 

The  connectiou  existing  between  the  individual  {wrtious  of  a 
solid  body  may  be  removed  by  tearing,  breaking,  twisting,  or 
compressing  it. 

Absolute  Strength  is  the  force  by  which  a  body  resists  being  torn 
asunder  when  it  is  stretched  lengthways.  This  resistance  evidently 
depends  ujwn  the  diagonal  section  of  the  body  to  be  severed,  and 
is  proportional  to  it,  for  the  connection  of  two,  tliree,  four  times 
as  many  molecules  must  be  removed  if  the  diagonal  section  or  area 
of  a  body  be  increased  twice,  thrice,  or  four  times.  In  order, 
therefore,  easily  to  compare  the  absolute  strciigth  of  different 
materials,  wc  must  assume  some  unit  for  this  area,  and  then 
ascertam  how  great  a  force  is  required  to   rend  a  body,  the  area  of 
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which  is  equal  to  this  unit.  If  the  area  of  the  body  submitted  to 
the  experiment  be  greater  or  smaller  than  the  area  assumed  as  the 
unit,  the  strength  may  be  reduced  to  the  measure  of  that  unit, 

Mttscftenbroek  has  made  numerous  experiments  couceniing  the 
absohitc  strength  of  different  bodies.  The  following  table  gives, 
according  to  his  calcalations^  the  weight  required  to  break 
a  rod  of  diS'ercut  bodies  whose  diagonal  section  is  one  square 
centimetre : — 


Linden  wood          .         . 

. 

918  kilogrammes. 

Fir  (Pinus  silvestris) 

. 

1021 

White  pine  (Pinus  abies) 

601  to 

929 

Oak     ...         . 

1150  to 

1466 

Beech 

1349  to 

1586 

Ebony 

934 

Copper  wire 

2782 

Brass  wire     .         .         . 

3550 

Gold  wire 

4645 

Lead  wire 

272 

Tin  wire 

457 

Silver  wire    . 

3411 

Lron     .... 

4182 

White  glass 

142  to 

233 

Rope 

350  to 

620 

The  great  variation  perceptible  in  the  strength  of  rope  depends 
upon  the  unequal  character  of  the  material  of  which  it  is  made. 
Thin  ropes  are  pro|M>rtional]y  stronger  than  thick  ones,  from  being 
made  of  better  hemp.  Hopes  have  less  firmness  when  wet  than 
when  dry. 

It  wiU  be  most  safe  to  aasume  for  practical  purposes  that  metals 
possess  only  i,  and  wood  J,  of  the  absolute  strength  ascribed  to 
them  in  the  above  table. 

The  force  which  a  body  opposes  to  the  process  of  breaking  is  its 
relative  strength.  In  order  to  break  a  body,  the  force  must  be 
applied  at  right  angles  to  the  directions  of  its  long  axisj  the  body 
to  be  broken  being  sup|)orted  only  at  one,  or  at  both,  of  its 
extremities. 

Fig.  50  represents  a  prism,  which  is  fastened  at  one  end 
into  a  solid  wall,  while  at  the  other  extremity  is  attached  the 
weight  Q  to  break  it.  If  A'  represent  the  absolute  strength,  that 
is,  the  force  with  which  the  body  resists  the  force  endeavouring  to 


EQUiLiBRirM  or  SOLinH. 


49 


rtG.  iO. 


defltroy  it  and  acting  upon  it  in  its 
long  axis,  we  may  suppose  tbis  force 
coucentrated  at  the  centre  of  pravity 
s  uf  tliat  diagonal  eeetion  whirh 
rnrrnsponds  with  the  plane  of  the 
solid  wall.  The  weight  Q  manifests 
an  effort  to  turn  the  whole  body 
round  the  nndcr  edge  of  the  priam ; 
and  thuB  actK  at  the  arm  a  b,  while 
the  rc»4istance  applied  at  s  acts  at 
the  arm  as;  if  now  tlic  resiatance 
Bhull  exactly  counterpoise  the  force, 
the  resistance  A'  must  be  inversely  to  the  force  Q  aa  the  arm 
a  8  is  to  the  ami  a  b.  If  the  height  of  the  beam  be  represented 
by  A,  ff  »  =  i  A,  and  if  the  length  a  h  he  represented  by  /,  we 
have 

A' ;  Q  =  /  .  i  A 


Of, 


The  amonnt  of  strength  K  with  which  the  body  rcaiats  being 
rent  asunder  depends  upon  the  diagonal  section  of  the  beam.  If 
we  let  k  represent  the  absolute  strcugth  for  one  diagonal  section  of 
one  square  centimetre,  while  A  is  the  height  and  b  the  breadth  of 
the  beam,  then 

K^kbh, 
and  therefore, 

^-    2/ 

From  this  formula,  we  see  that  the  force  ncccsaary  to  break  the 
body  varies  in  a  direct  ratio  with  the  breadth  aud  the  square  of 
the  height,  and  invei*sely  with  the  length. 

If  a  beam  be  supported  in  the  middle  by  a  sharp  edge  (Fig,  61,) 
Pio.  51.  and  be  loaded  at  both  its  cictrcmitica 

with  equal  weights  /*,  there  will  exist 
a  tendency  to  break  the  beam  at  its 
centre ;  in  order  to  effect  this,  the 
weight  P  acting  at  each  end  must  be 
twice  as  great  as  the  weight  Q,  which  must  be  a)>plicd  to  the  end 
of  the  same  l>eam  if  projected  its  whole  length  from   a  solid  wall, 


Fig.  52,  ire  ra»y  break  it 
by  attaclung  a  weight 
2  P  to  tlie  middle  As 
P  ^  2  Q,  we  most  apply,  in  order  to  break  a  beam  nipported  at 
each  end,  a  force  four  times  as  great  as  would  be  necessary  to 
break  it  if  it  projected  iu  whole  length  from  a  solid  wall,  and  the 
force  acted  upon  the  free  end.  The  force  neccssarj-  for  breaking  it 
is  therdbre 

b  A* 


4k 


2  / 


By  the  length  of  the  beam  we  understand,  in  the  one  case,  the 
part  projecting  from  the  wall ;  and  in  the  other,  the  portion  lying 
between  the  two  points  of  support. 

We  have  not  taken  into  consideration  in  our  calculations  that  the 
bcaniB  bend  before  they  entirely  break.  By  this  bending,  the 
relative  strength  is  considerably  modi^edj  so  that  the  value  of  the 
relative  strength  computed  according  to  the  above  fonnulae,  from 
the  known  absolute  strength,  may  vary  considerably  from  the 
reality.  But,  if  these  formute  do  not  serve  to  compute  directly 
the  amount  of  the  relative  strength,  they  yet  serve  for  a  com- 
parison of  the  relative  strengths  of  beams  and  rods,  when 
formed  of  the  same  material,  but  of  different  dimensions ;  for, 
however  the  amount  of  the  absolute  strength  may  be  modified  by 
flexibility,  it  is  always  directly  proportionate  to  the  breadth  and 
square  of  the  height,  and  inversely  so  to  the  length  ;  therefore,  in 
the  formula 

nothing  is  changed  by  the  flexibility  but  the  value  of  the  constant 
factor  *,  which  must  be  replaced,  not  by  the  value  of  the  absolute 
■trcugth  taken  from  the  above  tables,  but  by  another  factor,  which 
must  Ijc  obtained  by  experiment  for  each  material,  Experimcnta 
■now  that  the  force  necessary  to  break  a  beam  is  four  times  as 
■mall  ■«  ifl  given  by  the  above  fornmlie,  if  we  substitute  for  k  the 
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number  indicating  the  absolnte  strength.  The  inHucnce  exercised 
by  flexibility  upon  the  relative  strength  is  also  proved  from  this, 
that,  if  a  be^m  rests  freely  on  both  its  extremities,  it  may  be  broken 
by  a  weight  suspended  at  its  centre,  only  half  the  amount  of  that 
necessary  to  break  it  when  it  is  fixed  at  both  ends,  and,  conse- 
quently, incapable  of  yielding. 

In  woods,  the  direction  of  the  fibres  has  naturally  also  much 
influence  upon  the  strength. 

Adhesion, — The  same  force  which  holds  together  the  particles  of 
a  soUd  body,  acts  also  in  holding  together  the  particles  of  two 
bodies  ali'eady  separated,  if  we  are  able  to  bring  them  within  a 
sufficiently  intimate  contact  with  each  other.  Tlius  plates  of 
mirrors,  which  are  laid  closely  one  upon  another  after  being 
polished,  often  adhere  so  tightly  that  they  cannot  be  separated 
without  breaking.  In  the  same  manner  two  plates  of  lead,  when 
pressed  together,  will  adhere  almost  m  closely  as  if  they  formed 
one  single  mass,  pro\ided  always  that  the  surfaces  brought  in 
contact  are  perfectly  smooth  and  metalbc. 

The  force  thus  connecting  two  bodies  is  termed  the  force  of 
adhesion. 

Adhesion  is  manifested  not  only  between  hom(^QCous,  but  also 
between  heterogeneous,  bodies.  Thus  a  plate  of  lead  and  a  plate 
of  tin,  or  a  plate  of  copper  and  a  plate  of  silver,  combine  to  form 
an  almost  inseparable  whole,  when  their  pohshed  surfaces  are 
compressed  by  a  heavy  cylinder.  Tlic  adhcHton  of  heterogeneous 
bodies  is  most  strongly  manifested  when  a  Huid  is  brought  in 
contact  with  a  solid  body ;  and  the  former  is  sohdified  by  the 
cooling  or  eva^wration  of  the  dissolving  medium,  as  we  sec 
exemplified  in  the  processes  of  pasting,  gluing,  and  cementing.  It 
often  happens  on  joining  together  two  pieces  of  glass  with  sealing 
wax  that  on  tearing  the  whole  asunder,  pieces  arc  separated  from 
the  glass,  instead  of  the  glass  being  severed  from  the  wax.  If  we 
rub  a  plate  of  glass  with  glue,  the  t\vo  substances  often  adhere  so 
closely  together  that  portions  of  the  former  will  be  torn  away  on 
the  contraction  of  the  glue  in  drying. 

If  two  bodies  having  smooth  surfaces  lie  one  upon  the  other, 
any  attempt  to  push  the  one  beyond  the  other  will  he  opposed  by 
the  force  of  adhesion,  which  shows  that  this  latter  force  has  a  share 
in  the  resuttance  of  friction,  which  opposes  itself  wherever  two 
bodies  glide  over  each  other,  or  where  one  body  rolls  o'cr  another. 
We  shall  subsequently  treat  more  fully  of  friction. 
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CryBlaUizaiion. — If  a  body  pass  from  a  fluid  or  gaseous  form  to 
a  solid  condition,  the  change  is  owing  to  the  preponderance  of  the 
cohesi%'c  force,  which  fixes  the  hitherto  moving  particleit  io  a 
relatively  definite  position.  In  this  transition  to  a  solid  condition 
we  see  a  tendency  throughout  all  nature  to  produce  a  regular 
arrangement  of  the  molecules,  and  the  force  exercising  this 
tendency  in  inorganic  nature  is  crystallisation. 

Crystals  are  such  solid  bodies  as  have  a  regular  form  limited  by 
plane  sur&cea.  In  nature  we  find  a  number  of  these  crystals : 
for  instance,  quartz,  calcareous  spar,  hcax-y  spar,  topaz,  garnet, 
&c.,    arc  often  found  beautifully  crystallized. 

A  body  almost  always  assumes  the  crystalline  form  ou  passing 
from  a  fluid  to  a  solid  condition.  This  transition  is  effected  either 
by  the  cooling  of  a  melted  body,  or  by  separation  from  a  solution. 

If  we  pour  melted  bismuth  into  a  warmed  cup,  a  solid  crust  will, 
after  a  time,  be  formed  upon  the  upper  surface.  If,  now,  we 
puncture  this  crust,  and  pour  off  the  remaining  duid  metal,  we 
obtain  large  cubic  crystals,  measuring  several  lines  in  length,  and 
filling  up  the  cavity  which  is  fonncd  by  the  cooled  and  solid 
cnut. 

We  may  obtain  crystals  from  a  melted  mass  of  sulphur  in  a 
similar  way. 

On  attentively  observing  a  portion  of  water  in  the  act  of  freezing, 
we  sec  delicate  needles  of  ice  forming,  and  every  moment  spreading 
and  ramifying.  It  is  true  that  we  seldom  see  such  regular  crystal- 
line formations  in  ice  as  in  snow,  but  still  it  is  sufficiently  evident 
that  the  formation  of  ice  is  a  process  of  crystallization. 

Many  bodies  dissolve  in  fluids,  as,  for  instance,  in  water ;  but 
only  a  definite  quantity  of  any  substance  will  dissolve  in  n  definite 
quantity  of  water,  although  more  is  generally  dissolved  in  hot 
than  in  cold  water.  If  a  solution  be  saturated  at  a  high  tempera- 
ture, that  is,  if,  for  instance,  as  much  alum  has  lx:cn  put  into 
warm  water  as  the  definite  quantity  of  the  liquid  will  dissolve,  the 
whole  masa  of  salt  will  not  remain  wholly  dissolved  on  cooling,  but 
a  portion  will  Ik  again  deposited,  and  in  the  form  of  regular 
crystals.  Crystals  will  likewise  be  formed  when  the  water 
gradually  evaporates  from  a  saturated  solution. 

Crystals  are  nut  separated  from  aqueous  stjlutions  only ;  sulphur, 
for  instance,  dissolves  in  bisulphurct  of  carbon,  chloride  of  sulphur, 
and  oil  of  turpentine ;  and  we  may  obtain  beautiful  transparent 
crystals  of  sulphur  from  these  solutions. 
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The  Blower  the  cooling  or  evaporation^  the  larger  aud  more 
legolar  will  the  crystala  be.  In  rapid  crystallization  small  crystals 
are  formed  which  unite  together  in  irregular  groups^  in  which  we 
can  scarcely  recognise  the  crystalline  outline. 

£very  substance  has  its  own  form  of  crystallization.  Thus^  for 
instance^  the  form  of  quartz  is  different  from  that  of  alurn^  and 
this  latter  varies  again  from,  that  of  sulphate  of  copper  (blue 
vitriol). 

The  investigation  into  the  laws  of  symmetry  which  are  found  to 
enrol  between  the  separate  surfaces  of  cryt^s,  as  well  as  the 
description  of  crystalline  forms  in  particular^  are  subjects  which 
belong  to  the  province  of  Cry$taUography, 


agHiust  the  piston  p,  which  it  lifla  with  the  plate /},  and  thus  the 
body  to  be  acted  on  iti  compressed  between  p'  and  the  fixed 
plitG  e. 

The  efficiency  of  the  hydrauUc  (iress  rests  ujwn  the  principle 
that  fluids  conununicate  e\ery  pressure  equally  iu  all  directions. 
If  the  piston  »  be  pressed  down  by  any  force,  each  portion  of  the 
surface  of  the  walls  of  the  vessel,  which  i*^  e(pial  (u  thv  diRfiional 
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jtectiou  of  the  piston,  has  to  Bostaiu  an  equal  pressure.  Bat  novf 
we  may  regard  the  under  surface  of  the  piston  p  as  a  part  of  the 
wall  of  the  vessel ;  therefore,  as  many  times  as  the  diagonal  section 
of  the  piston  p  is  ^catcr  than  the  diagonal  section  of  the  piston  8, 
so  many  times  will  the  force  with  which  the  piston  p  is  elevated  be 
greater  than  the  force  with  which  the  small  piston  is  depressed. 

If  the  area  of  a  section  of  the  piston  s  ia  -r^th  of  the  area  of  the 
piston  p,  then  p  will  be  elevated  with  n  force  of  100  pounds,  if  8 
is  pressed  by  a  force  of  one  pound.  But  with  the  help  of  the  lever 
/,  a  man  may  easily  exercise  a  pressure  of  300  pounds  on  the  piston 
it,  and  therefore  raise  the  piston  p  with  a  force  of  30,000  pounds. 
A  portion  of  the  force  applied  to  the  lever  /  is  lost  by  the 
resiatanec  of  friction  before  it  is  transmitted  to  the  piston  p :  the 
ciFect,  therefore,  will  always  be  less  than  what  it  should  be 
according  to  the  above  considerations. 

Eiptilibrmm  of  heavy  Fluids. — Two  conditions  mnst  be  fulfilled 
in  order  that  liquid  bodies  should  be  in  equilibrium.  First,  their 
free  surfaces  must  be  at  right  angles  with  the  direction  of  gravity ; 
and  secondly,  the  forces  of  pressure  acting  on  e«ch  particle  must 
always  be  equal  and  opposed^  the  one  to  the  other. 

If  wc  assume  that  the  upper  surface  of  the  fluid  is  not  at  right 
angles  with  the  direction  of  gravity,  but  takes  such  a  form  as  n  6 
no.  56.  erf  (Fig.  56),  wc  may  suppose  an  inclinc<]  plane 

laid  through  any  two  points,  b  and  e ;  a  portion 
of  the  Htiid  Ucm  on  this  inclined  plaue,  and  must 
necessarily  glide  off  from  the  easy  displacement  of 
the  particles.  This  will  continue  until  the  whole 
upper  surface  is  every  where  at  right  angles  with 
the  direction  of  gravity. 

If  we  apply  this  to  the  upper  surface  of  the  sea, 
which  we  will  consider  as  perfectly  at  rest,  it  is 
clear  that  if  the  force  of  gravity  alone  acta,  and  is  always  directed 
towards  the  central  point  of  the  earth,  the  superficies  of  all  seas 
raxist  be  portions  of  a  spherical  surface,  and  that,  therefore,  the 
surfaces  of  .seas  connected  together  must  be  equally  remote  &om 
this  central  point. 

If  the  molecules  are  attracted  by  other  forces  than  terrestrial 
gravity,  wc  may  easily  understand  that  their  free  surfaces  must  bo 
at  right  angles  to  the  resultant  of  gravity,  and  all  the  othnr  simul- 
taneously acting  forces.  As  the  centrifugal  force,  which  dejtcuds 
on   the  rotatory  movement  of  the  earth,    continually    acta  with 
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gravity  upon  all  bcxiies,  the  upper  surface  of  the  waters  must 
Bsaumc  such  a  position  as  to  be  at  right  angles  with  the  resultant 
of  both  forces.  This  is  also  the  reason  that  the  sea  is  Battened  at 
the  poles.  At  the  foot  of  great  mountains  which  cause  the  plum- 
met to  diverge,  the  surface  of  the  water  also  deviates  fmm  the 
regular  form.  In  the  same  way  the  attractive  force  of  the  mooni 
which  acts  upon  the  water,  combines  with  gravity  to  create  a 
resultant  which  is  not  vertical.  The  moving  surface  of  the  sea 
always  strives  to  attain  to  a  position  of  equilibrium,  which  is 
constantly  disturbed  by  the  motion  of  the  moon,  and  hence  the 
periodical  oscillations  of  ebb  and  flow. 

We  also  obsene  deviations  from  the  normal  surface  in  fluids 
enclosed  in  vessels ;  thus  water  in  a  glass  is  not  even  over  its  whole 
surface,  but  rises  around  the  margin ;  the  surface  of  mercury,  on 
the  contrary,  is  depressed  at  the  sides,  as  if  it  dreaded  coming  in 
contact  with  the  walls  of  the  vessel.  These  phenomena  de[>end 
upon  the  laws  of  capillary  attractiouj  which  we  purpose,  subse- 
quently, to  consider  more  folly. 

The  second  condition  of  equilibrium  is  self-evident,  for  the 
molecules  that  are  in  the  interior  of  the  fluid  sustain  a  pressure 
from  all  the  other  molecules  lying  over  them,  which  they  transmit 
in  all  directions.  But  if  the  various  pressures,  acting  in  different 
directions  upon  one  molecule,  were  not  equal,  it  would  be  displaced 
by  the  strongest  pressure,  and  consequently  the  fluid  mass  would 
not  be  in  equilibrium. 

Pressure  of  FluUls, — If  fluid  masses  are  in  a  state  of  equilibrium, 
they  exercise  upon  themselves  and  on  all  solid  bodies  which  they 
touch,  a  more  or  less  considerable  pressure,  the  anioimt  of  which 
we  will  now  determine.  In  the  first  place  we  will  examine  the 
pressure  exercised  from  above  downwards,  or  from  below  upwards, 
on  horixontal  surfaces,  and  then  the  pressure  acting  upon  the 
lateral  surfaces. 

The  pressure  ejtercised  by  a  fluid  from  above  downward  on  the 
bottom  of  the  vessel  in  which  it  is  contained  is  quite  independent 
of  the  form  of  the  vessel,  and  is  always  equal  to  the  weight  of  a 
column  of  the  fluid,  whose  base  ia  the  bottom  of  the  vessel,  and 
whose  height  is  the  vertical  distance  from  the  bottom  to  the  surface 
of  the  fluid. 

The  first  part  of  this  assertion  is  easily  proved  by  help  of  the 
following  apparatus  : — ^Thc  apparatus  (Fig.  57)  consists  of  a  bent 
tube,  a  h  c  fastened  in   a  box,  and  so  arranged  that  vessels  of 
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different  form,  as  those  at  d  efg  (Figs.  58,  59,  and  60),  may  be 
screwed  on  at  a.     Wc  pour  mercury  into  the  tube,  and  with  the 
wo-  57'  Fio.  M,        PIG.  59.       no.  60. 


help  of  a  moving  index  indicate 
the  height  n  to  which  the  mer- 
cur)'  nscB  in  the  arm  c.  If  now 
the  cylindrical  vessel  d  be  screwed  on  at  a,  and  filled  with  water 
to  a  definite  height  A,  the  mercury  will  rise  in  the  tube  c  to  a 
height  pi  which  wc  niust  mark.  The  rising  of  the  mercury  n  p 
evidently  depends  upon  the  pressure  excrciflcd  by  the  water  in  the 
vessel  d  upon  the  surface  of  mercury  which  forms  the  true  bottom 
of  the  ve&scl.  MTien  this  haa  bceu  duly  observed,  we  empty  the 
vessel  d  by  the  help  of  the  cock  r,  and  scixw  on  in  its  place  cither 
the  vessel  e,  widened  at  its  npper  margin,  or  /,  tapering  off 
towards  the  top.  If  we  fill  these  vessels  with  water,  a»  high  as  we 
before  did  the  vessel  //,  the  mercury  in  the  tube  c  will  again  rise 
exactly  to  the  height  p.  The  pressure,  therefore,  which  the 
bottom  of  these  three  differently  shaped  vessels  bears  is  precisely 
the  same,  if  only  the  height  of  the  fluid  be  the  same.  Tlie 
pressure  on  the  bottom  is,  therefore,  as  we  before  o!)8crved, 
independent  of  the  form  of  the  vessel,  and  only  depends  upon  the 
size  of  the  bottom,  the  height  and  nature  of  the  fluid.  The 
pressure  is  the  same,  whether  the  vessel  be  cylindrical,  contain 
much  (Fig.  61)  or  little  (Fig.  62}  fluid,  be  rectangular  (Fig.  63) 
or  inclined  (Fig.  64).     In  order  to  prove  the  second  part  of  the 
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propoaltHin,  it  will  suffice  to  remark,  tliat  the  l>ottom  of  the  cylin- 
drical vessel  (Fig.  62)  must  bear  the  whole  weight  of  the  flxiid,  for, 
aft  the  lateral  walls  are  vertical,  they  are  incapable  of  supporting 
the  least  port  of  the  weif;ht  of  the  fluid.  As,  now,  the  bottoms  of 
the  iDcUoed  vessels,  whether  they  are  widened  or  contracted  at 
their  upper  margin,  sustain  the  same  weight,  it  follows  that  in 
thejw  vessels  the  pressure  is  uo  longer  equal  to  the  weight  of  the 
fluid  they  contain,  but  is  equal  to  the  weight  of  a  straight  column 
of  water  having  the  same  surface  and  height.  As  all  parts  of  the 
bottom  are  pressed  upon  with  equal  force,  it  is  clear  that  the  half, 
the  third,  fourth  part,  &c.,  must  sustain  i,  i,  {  of  the  whole 
pressure.  If  we  designate  by  ff  the  portion  of  the  bottom,  we  are 
considering  by  h  the  height  of  the  smooth  surface,  and  by  d  the 
density  of  the  fluid  ;  the  pressnrc  upon  the  surface  t  i»  equal  to 
«  X  A  X  ^,  for  «  X  A  is  the  volume  of  the  straight  column  of 
fluid,  and  in  order  to  obtain  the  weight  we  must  multiply  the 
volume  by  the  density. 

With  a  litre*  of  water  weighing  a  kilogranimc,t  we  may  there- 
fore exercise  a  very  small,  or  any  unUmitably  large  amount  of 
pressure  upon  the  bottom  of  a  vessel.  If  the  pressure  upon  the 
bottom  ia  to  be  exactly  one  kilogramme,  we  nmst  take  a  straight 
cj'lindrical  vessel  of  any  base  we  choose,  when  the  combined 
pressure  upon  the  whole  surface  will  always  be  one  kilogramme; 
only  the  prensure  which  each  square  centimetre  of  the  bottom  has 
to  sustain  will  be  large  or  smaller,  an  the  vessel  is  wider  or 
narrower. 

If  wc  would  exercise  upon  the  bottom  of  the  vessel  a  presstur 
of  T^r  of  a  kilogramme  with  one  kilogramme  of  water,  we  might 
take,  for  instance,  a  vessel  whose  bottom  should  measure  a  square 
decimetre,  and  which  was  so  widened  towards  the  top,  that  a  litre 
of  water  would  only  fill  it  to  the  height  of  one  centimetre. 

If  the  pressure  was  to  amount  to  ten  kilogrammes,  wc  might 
take  a  vcascl  of  the  same  base  (one  square  decimetre)  so  narrowed 
towards  the  top,  that  a  litre  of  water  would  rise  in  it  to  the  height 
of  ten  decimetres. 

With  a  similar  weight  of  one  kilogramme  of  water,  we  might 
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with  equal  case  exercise  a  pressnrc  of  ^w,  i-Ww  &«•  port  of  a  Icilo- 
(rramnie,  as  one  of  100,  1000,  &c.  kilo^aintnes.  Tlie  pressure 
of  fluids  acts  not  only  on  the  bottom  of  the  vessel,  but  upon  every 
poiut  in  the  interior  of  the  fluid  mass.  If  vc  assume  in  the  interior 
no.  66.  of  a  fluid  mass  a  stratum  m  p  parallel  with  the 

surface,  all  the  molecules  of  this  stratum  will 
evidently  he  pressed  upon  by  the  fluid  over  it, 
bearing  the  weight  of  the  fluid  cylinder  nvmp. 
The  stratum  must,  however,  sustain  an  equal  pres- 
sure in  an  opposite  direction  from  below  upwards. 
If  now  wc  consider  a  part  a  h  of  the  said  stratum, 
we  And  that  the  weight  of  the  fluid  column  abed  presses  upon  it 
from  above  downward,  while  an  equal  force  acts  from  below 
upwards.  If,  therefore,  we  immerse  a  solid  cylinder  in  the  fluid, 
ita  base  will  have  to  support  a  pressure  from  below  which  strives  to 
raise  it. 

This  may  be   proved   by   the   following   experiment: — ^Take  a 
no.  66.  somewhat  wide  glass  tube  v  (Fig.  66),   whose 

lower  niur<;iri  has  Iwen  smoothly  polished :  t 
is  a  perfectly  smooth  glass  disc,  secured  in  its 
centre  by  a  thread  passing  through  the  tube, 
flo  that  by  drawing  the  thread,  the  disc  may 
lit  made  entirely  to  close  the  opening  of  the 
tube.  ^Vhen  securtsi  in  this  manner,  we 
immerse  the  tube  in  the  water.  Now,  it  is 
no  longer  necessary  to  draw  the  thread  in 
order  to  prevent  the  falUng  of  the  disc,  for  it  is  pressed  upwards 
by  the  fluid.  If  wc  |M)ur  water  into  the  lube,  the  glass  disc  will 
fall  by  it«  own  weight  as  soon  as  the  level  of  the  water  in  the  tube 
is  almost  equal  to  that  of  the  water  in  which  it  is  immersed,  for 
now  the  glass  disc  sustains  equal  fluid  pressure  upwards  and 
downwards. 

If,  accordingly,  wc  were  to  make  an  opening  in  a  ship;  the 
water  would  iustaiilly  enter  the  vessel,  we  must,  in  order  to 
hinder  this,  exercise  a  counter  pressure  equal  to  the  weight  of  a 
column  of  water,  the  same  base  as  the  opening,  and  of  the  same 
height  as  the  depth  of  the  opening  Ik'Iow  the  level  of  the  water. 
The  bottoms  of  large  ships  must,  therefore,  be  very  strongly  built 
to  sustain  the  pressure  of  the  water  from  below  upwards.  If  we 
asNume  that  the  bottom  is  horizontal,  and  has  superHcies  of  100 
square   metres,    this   pressure   would  amount   to    100,000   kilo- 
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gTttmmes  if  it  were  one,  and  300,000  kilogrammes  if  it  were  tlirec, 
metres  below  the  \c\c\  of  the  sea. 

"We  may  thus  form  an  idea  of  the  enormous  pressure  sustained 
by  the  living;  creatures  inhabiting  the  depths  of  the  seas  and  oceans. 
We  shall  again  revert  to  this  subject. 

The  pressure  which  a  given  portion  of  lateral  wall  has  to  support, 
is  equal  to  the  weight  of  a  column  of  fluid  whose  hciglit  is  equal  to 
the  depth  of  the  centre  of  gravity  of  this  lateral  wall  below  the 
level  of  the  Huid,  and  whose  horizontal  base  is  equal  to  the  size  of 
the  given  portion  of  the  wall. 

The  amount  of  lateral  pressure  may  be  obtained  from  the 
corresponding  horizontal  pressure,  according  to  the  principle  of 
the  uniform  transmissiuu  of  pressure  in  all  directions.  The  point 
m  (Fig.  65)  is  a  point  in  the  horizontal  layer  mp;  the  pressure  to 
which  it  is  exposed  transmits  itaelf  uniformly  in  all  directions 
therefore,  also  at  right  angles  to  the  wall.  Every  ])oint  of  the 
lateral  wall  sustains,  therefore,  the  same  pressure  as  every  point 
of  the  equally  high  horizontal  stratum  of  fluid.  If,  now,  we 
consider  any  portion  of  the  area  of  the  lateral  wall,  whose  highest 
point  is  so  little  elevated  above  the  lowest  point  that  the  pressure 
sustained  by  both  may,  without  any  great  error,  be  assumed  as 
equal,  then  we  find  that  the  pressure  sustained  by  this  portion  of 
the  area  isfX  A  x  d,  \f  s,  h  and  d  have  the  previously  assumed 
signiiicatious.  In  a  vat  full  of  water,  ten  metres  in  height,  the 
pressure  upon  a  square  centimetre  of  the  lateral  wall  at  the  depth 
of  one  metre  is  equal  to  100  grammes;  and  at  two  metres  to  200 
grammes;  and  at  ten  metres,  that  is  at  the  bottom,  to  one 
kilogramme. 

The  pressure  sustained  by  any  point  of  the  vertical  wall  of  a 
vessel  filled  with  water  may  be  made  manifest  by  a  diagram  (Pig. 

G7).  From  a  let  a  straight  line  be  drawn 
a  b,  equal  in  length  to  the  depth  of  the 
point  a  below  the  level  of  the  water,  a  b 
will  then  represent  the  pressure  which 
the  point  has  to  sustain.  If  we  make 
the  same  figure  for  several  points  of  the 
vertical  line  r  *,  the  extremities  of  all 
the  horizontal  lines  of  ])re8surc  will  fall 
upon  the  line  r  /.  It  follows,  therefore,  that  the  combined 
pressure  which  the  line  r  «  of  the  vertical  wall  of  the  vessel  has  to 
MUtain  is  represented  by  the  triangle  r  »  t.     The  [>oint  of  applies- 
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tion  of  the  resultant  of  all  the  elementary  pressures  sustained  by  a 
Bection  of  a  wall  is  called  the  centre  of  pressure.  It  always  lies 
deeper  than  the  centre  of  gravity  of  the  section^  because  the 
pressure  increases  in  intensity  downwards.  The  centre  of  pressure 
for  the  vertical  line  r  s  is  easily  obtained,  for  it  is  evidently  the 
point  c  at  which  the  line  r  s  \s  tutersected  by  the  horizuutal  hne 
passing  through  the  centre  of  graWty  o  of  the  triangle  r  s  t.  We 
have  here  only  considered  a  line  r  s ;  but,  if  for  this  we  substitute 
a  broad  band  of  the  vertical  wall,  its  centre  of  pressure  will  lie 
upon  its  vertical  central  line,  and  its  height  above  the  bottom  will 
be  one  third  of  the  height  of  the  level  of  the  water  above  the 
bottom. 

Communicating  vessels. — The  above  developed  conditions  of 
equilibrium  are  valid  equally  for  fluids  contained  in  vessels  that  are 
connected  together ;  that  is  to  say,  if  both  vessels  contain  the  same 
fluid,  the  level  must  be  the  same  in  both.  If  we  assume  a 
horizontal  partition  wall  to  be  applied  at  m  to  the  vessel  (Fig.  68), 

we  obtain  two  vessels. 
According  to  the  princi- 
ples advanced,  the  prca- 
Burc  which  this  partition 
wall  sustains  from  below 
is  B.  hf  if  B  designate  the 
area  of  the  partition  and 
h  the  height  p  v.  If  a  6  is  the  level  of  the  fluid  in  the  wider 
vessel,  and  A'  represent  the  height  a  m,  then  the  pressure  which 
the  partition  wall  has  to  support  from  above  downwards  is  B  h'. 
If,  now,  we  suppose  the  partition  wall  again  removed,  the  layer 
of  water  taking  its  place  wilt  have  to  sustain  on  the  one  side  the 
pressure  B  h,  and  on  the  other  the  pressure  B  h'.  Motion  will 
necessarily  occur  as  soon  as  k  is  not  equal  to  A'.  There  can, 
therefore,  otily  be  equilibrium  when  h  and  h'  are  actually  equal ; 
that  is,  when  the  level  of  the  fluid  is  equally  high  in  both  vessels. 
If  the  fluicLs  in  the  two  vessels  are  dissimilar,  the  level  will  not  be 
equally  high  in  both. 

In  the  tube,  for  instance,  (Fig.  70),  there  is 
water  in  one  side,  and  in  the  other  mercury,  the 
fluids  meeting  at  g.  Below  the  horizontal  plane 
passing  through  g  there  is  only  mercury,  which 
is  perfectly  in  cqxiilibrium.  The  cohunn  of 
"  mercury  over  A  has,  therefore,  to  keep  in  equili- 
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briuni  the  column  of  water  above  y,  and,  that  this  may  happen, 
the  heights  of  the  columus  must  be  inversely  to  each  other  as  the 
spccitic  gravities  of  the  fluids ;  that  is  to  say,  the  column  of  water 
must  be  nearly  fourteen  times  as  high  as  the  colunm  of  niercurj', 
because  the  specific  graWty  of  water  is  nearly  fourteen  times  less 
than  that  of  mercurj*. 

Whatever  be  the  fluids  used,  the  heights  of  the  columns  must 
always  bear  an  inverse  ratio  to  their  specilic  leravities.  Thus  a 
column  eight  inches  high  of  conccntTAtcd  sulphuric  acid  wiU 
equipoise  one  of  water  14.8  inches  hi^h ;  and  a  coliuiiu  eight 
inches  high  of  sulphuric  ether  will  be  in  ctiuilibriuni  with  a  column 
of  water  5.7  inches  high. 

VVc  often  sec  that  heavy  btxlies  move  in  an  opposite  way  to  the 
direction  of  granty ;  cork  and  wood,  for  instance,  rise  on  the 
surface  when  they  are  immersed  in  water ;  in  the  same  manner 
iron  rises  in  mercury,  and  the  air  balloon  in  the  air.  All  these 
phenomena  depend  upon  the  principle  known  by  the  name  of  the 
Archimedean  principh,  from  havinj^  been  discovered  by  Archimedes. 
Tliis  principle  may  be  thus  expressed  : — A  body  immersed  in  a 
fluid  loses  a  portion  of  its  weight  exactly  corresponding  with  the 
weight  of  the  fluid  displaced  l>y  it .  Or,  to  express  the  same  more 
con-ectly: — If  a  body  be  immersed  in  a  fluids  a  portion  of  its  weight 
will  be  sustained  by  the  fluid,  equal  to  the  weight  of  the  fluid 
displaced. 

We  may  convince  ourselves  of  the  truth  of  this  principle  by 
means  of  a  simple  experiment.  Immerae  a  regular  priam  vertically 
in  a  fluid,  as  shown  at  Fig.  71,  then  every  pressure  on  the  sides  of 
FIG.  ;i.  the  prism  is  deslroycd  by  an  equal  and  opposite 
pressure;  but  the  upper  surface  sustains  the 
pressure  of  a  column  of  fluid  having  an  equal  base 
with  the  prism,  and  the  height  h.  The  under 
surface,  however,  is  pressed  upon  from  below 
upwards  by  a  force  equal  to  the  weight  of  a 
cohunn  of  fluid  of  the  same  base,  and  of  the 
height  h'.  The  heights  A  and  A'  differ  exactly  by  the  height  of  the 
pri«m,  and  therefore  it  is  clear  that  the  pressure  on  the  under 
surface  exceeds  that  on  the  upper  surface  by  the  weight  of  a  column 
of  fluid  equal  to  the  volume  of  the  prism.  But,  as  this  excess  of 
pressure  acts  upwards  against  the  gravity  of  the  body,  the  action 
of  the  force  of  gravity  of  the  body  is  evidently  diminished  in  the 
way  specified.     If,  for  instance,  the  base  of  this  prism  be  one 
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square  centimetre^  its  height  ten  centimetres,  and  the  upjKr 
surface  three  centimetres  below  the  level  ut'  the  water,  the  up|ier 
has  to  sustain  a  pressure  of  a  column  of  water  whose  base  is  one 
square  centimetre,  its  height  three  centimetres;  conseqiicntlv  a 
weight  of  three  cubic  centimetres  of  water,  that  is,  of  three 
grammea.  But  the  lower  surface  is  thirteen  centimetre*  below  the 
level  of  the  witter,  and  has,  therefore,  tn  sustain  n  force  acting 
from  below  upwards  and  equal  to  the  weight  uf  a  column  of  water 
whose  base  is  one  square  centimetre  and  height  thirteen  centi- 
metres, that  is,  thirteen  frrammes.  If  we  deduct  from  these 
thirteen  grammes  the  amount  of  the  pressure  of  the  three  grammes 
acting  downwards  upon  the  upper  surface,  there  remain  ten 
grammes  for  the  force  with  which  the  prism  is  urged  upwards  by 
the  pressure  of  the  water.  But  ten  grammes  is  the  weight  of  u 
coluum  of  water  of  equal  volume  with  the  prism.  If  this  prism 
were  of  marble  it  would  weigh  twenty-seven  grammes;  but,  on 
being  immersed  in  water,  it  has  to  sustain  a  pressure  of  ten 
grammes  directed  upwards,  and,  consequently,  in  the  water  it 
will  be  ten  grammes  lighter.  If,  in  the  place  of  one  prism,  wc 
no.  72.  take  several  together,  it  is  clear  that  each  sei>arate 
one  will  lose  on  being  immersed  in  the  water  an 
amount  of  weight  equal  to  an  equal  volume  of  water, 
and,  consequently,  the  ]oss  of  weight  sustained 
by  the  whole  body  composed  of  the  several 
prisms  will  equal  the  weight  of  a  mass  od'  water 
of  equal  volume  to  the  combined  volume  of  the 
prisms.  As,  however,  we  may  imagine  any  botly 
dec<)iiii'o>;il)lc  into  a  number  of  such  vertically- placed  prisms  of 
very  small  diameter,  the  conclusion  may  be  extended  to  any  body 
we  choose  to  take. 

A  totally  (hfiercnt  mode  of  deduction  leads  us  to  the  same  result. 
If  we  suppose  the  space  occupied  by  the  body  nnniersed  in  water 
to  he  filled  with  water,  this  body  of  water  will  float  in  the 
remainitig  mass  of  the  liquid,  neither  rising  nor  sinking.  If,  now, 
we  assume  this  body  of  water  to  be  replaced  by  another  which, 
with  an  equal  volume,  has  also  an  equal  weight,  this  latter  will 
hkewise  float,  its  whole  weight  being  sustained  by  the  water  in 
which  it  is  immersed,  whence  it  yt  clear  that  a  portion  of  the 
weight  of  ever)'  immersed  body  is  sustained  by  the  water,  and  is 
eqoal  to  the  weight  of  the  fluid  displaced. 

Wc  may  convince  ourselves  of  the  truth  of  the  Archimedean 
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principle    by    direct    experiment.     To  one    of  the  scale  pans   of 
an  ordinary  balance  (Fig.  73)  ia   attached  a  hoUow  cylinder,  c. 
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from  wluc'ti  in  Nunpcndcd  a  miiasivc  cylinder,  p,  accurately  filling 
the  ttvily  of  ihr  former.  On  the  other  scale-pan  arc  placed 
inflldflnt  weight*  rf,  to  cqnipoiMf  the  whole.  If,  now,  the  cylinder 
p  bfl  inmiiTrM'd  in  water,  it  will  lose  a  portion  of  its  weight,  and 
Ihr  equilibrium  will  he  tliiirt  disturbed;  to  re-establish  this,  the 
cylinder  e  need  only  br  lilled  with  water,  which  clearly  proves 
liiat  /*  hai  lout  an  much  wci|?ht  by  being  immersed  in  the  water  as 
the  contciiln  of  tlir  eylin^hT  c  weigh.  But  the  volume  of  water  iu 
e  in  equal  to  tlic  wiiter  diiplueed  by  the  eytiudcr  p,  and  the  loss  of 
weight  of  p  i«  conncqucntly  ecpuil  to  the'  weight  of  the  displaced 
water. 

A»  we  have  already  sern,  there  would  be  cqniltbrium  if  wc 
could  eonvfi't  into  water  the  immersed  body.  But  this  body  of 
water  would  remain  perfectly  in  equilibrium,  whichever  way  it 
were  turned,  round  its  centre  of  gravity.  The  pressure  of  the 
ianoundiiiK  tluid  actitig  from  below  upwards  is,  therefore,  a  force 
whoM  point  of  application  corresponds  with  the  centre  of  gravity 
of  the  ideal  body  of  water.  Tins  jwint  may  be  termed  the  centre 
of  prcBRure  of  the  fluid. 

If,  now,  this  ideal  body  of  water  be  replaced  by  any  other 
sabstance,  as,  for  instance,  ctfrk,  marble,  or  iron,  the  pressure 
which  this  body  will  have  to  susUin  from  the  surrounding  mass 
of  water  wUI  be  precisely  the  same  aa  that  which  the  ideal  body  of 
water  has  supported.     A  body  immersed  iu   water  is,  therefore, 
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subject  to  the  action  of  two  forccM,  wbost!  mugiutude  and  point  of 
application  we  now  know.  The  first  force  is  the  gravity  of  the  body 
acting  from  above  donoiwards,  and  whose  |)oint  of  application  is  the 
centre  of  gfravity  of  the  body  ;  the  second  force  acting  from  below 
upwards  in  equal  to  the  weight  of  the  water  displaced,  and  itw 
point  of  application  is  the  centre  of  gravity  of  this  mass  of  water. 
If  an  entirely  8ubmcrg;ed  body  is  perfectly  homogeneous,  its  centre 
of  gra\ity  will  corrcsjioud  with  the  ccuti-e  of  gravity  of  the  water 
displaced. 

This  upward  pressure  of  fluids  is  designated  by  the  term 
huoynncy. 

Cofutiiiorut  of  erjuUiftrium  of  submerged  Bodies . — For  a  perfectly 
homogeneous  body  submerged  in  water  to  keep  itself  sunpcndcd, 
nothing  more  is  necessary  than  that  its  weight  be  exactly  equal  to 
that  of  the  fluid  displaced,  the  position  of  the  body  being  entirely 
indifferent :  here  we  have  an  instance  of  indiflercnt  equilibrium. 
Ill  order  to  prove  this  by  an  ex]>eriment,  let  us  form  a  body  of  any 
shape  from  a  mass  composed  of  one  part  of  finely  pulveriRcd 
cinnabar,  and  226  parts  of  white  wax.  The  constituents  must  l)e 
well  worked  together,  that  the  mass  may  have  the  requisite 
uniformity.  A  body  thns  composed  will  float  in  water,  and 
remain  in  equilibrium  in  any  position  in  which  wc  place  it.  In 
spirits  of  wine  it  will  sink,  while  on  a  saline  solution  it  will  rise 
and  float  on  the  surface. 

If  the  immersed  body  be  not  homogeneous,  so  that  its  centre  of 
graWty  does  not  correspond  with  the  centre  of  gravity  of  the  water 
displaced,  it  may  still  float  in  the  fluid,  if  its  total  weight  is 
exactly  eq^uil  to  the  weight  of  the  water  displaced;  but  it  can  only 
be  in  equilibrium  if  the  centre  of  gravity  of  the  body  and  that  of 
the  water  displaced  be  in  a  vertical  line,  and  stable  equilibrium  can 
only  be  established  if  the  centre  of  gravity  of  the  body  is  in  the 
lowest  position. 

Conditions  of  ff/ui/ihHum  of  Floating  Bodies. — If  a  body  float,  its 
whole  weight  is  equal  to  the  weight  of  fluid  mass  displaced  by  the 
immersed  portion  of  the  body,  the  condition  of  the  stability  of 
floating  bodies  differs,  however,  from  that  of  submerged  bodies. 
A  ship,  for  instance,  weighing  oue  million  kilogrammes  is  in 
equilibrium  if  it  displace  1,000  cubic  centimetres  of  water;  and,  if 
its  centre  of  gravity  and  the  centre  of  pressure  of  the  water  lie  in  a 
vertical  line,  we  may  have  b  condition  of  stability  even  if  the  centre 
of  gravity  do  not  lie  below  the  centre  of  pressure,  it  being  stifBcieut 
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if  it  lie  lower  than  another  point,  termed  the  ntetacenfre.  The 
position  of  this  latter  point  depends  npon  the  form  of  the  ship,  and 
the  position  of  the  centre  of  gravity  upon  the  manner  in  whicli  the 
ship  is  loaded. 

Although  a  general  determination  of  the  metaceiitre  would  be 
hardly  in  place  here,  we  must  yet  endeavour  to  give  some  ide-a  of 
it : — Let  abed  (Fig.  74)  be  tlie  section  of  an  innnersed  body,  and, 
for  the  sake  of  clearer  illustrution,  let  us  assume  this  section  to  be 
no.  74.  an  elongated  parallelogram.  Ifthc  body  swim 

in  a  position  of  equilibrium,  it  will  sink  as 
low  as  e  f.  The  centre  of  gravity  of  the 
displaced  mass  of  water  is  at  m,  and  the 
centre  of  gravity  of  the  body  lies  u])on  the 
vertical  line,  passing  through  »i.  If  it  be 
below  m,  the  body  will  swim  stably  in  every 
case,  for  we  have  a  body  suspended,  08  it 
were,  at  the  point  m  in  the  water,  and  whose  centre  of  gravity  is 
deeper  than  its  point  of  suspension,  and  consequently  a  pendulum 
that  oscillates  about  the  position  of  equilibrium. 

Ifthc  body  be  changed  from  the  position  of  eqwilibriiun  to  the 
one  represented  m  Fig.  75,  the  triangle  e  ^  ^  is  raised  out  of  the 

water,  while  ff  i/is,  on  the  contrary, 
immersed ;  but,  as  the  quantity  of  the 
water  displaced  must  always  be  tlie 
same,  whatever  be  the  position  of  the 
body,  it  follows  that  eg  k  ^=i  g  %  /, 
But  the  form  of  the  submerged  portion 
differs  from  what  it  previously  was, 
and,  consequently,  the  centre  of  gravity 
of  the  displaced  mass  of  water  is  no  longer  ut  m,  but  at  another 
point  0,  whose  position  must  be  especially  a^tcertained.  in  each 
individual  case.  If  we  suppose  a  perpendicular  dran'n  through  o, 
it  will  intersect  at  a  point  g  the  j>erpendieular  drawn  iu  the 
position  of  equihbrium  through  m ;  the  |>uint  q  is  the  metaeentre. 
When  the  centre  of  gravity  of  the  body  lies  helow  y,  on  the  line 
m  9,  the  weight  of  the  body  acting  at  o  will  turn  it  round  o  iu  such 
ft  manner  as  to  make  it  retuni  to  a  position  of  equilibrium.  A 
floating  body  loses  its  stabihty  entirely  if  its  centre  of  gravity  lie 
above  the  metaeentre. 

The  broader  the  immersed  portion,  and  the  lower  its  centre  of 
graWty,  the  greater  is  the  stability  of  a  floating  body. 


rin.  75. 


A1iZOMKT£K. 


69 


The  Archimedean  principle  ufforda  us  excellent  ineane  of  ascer- 
taiuing  the  weight  of  solid  and  fluid  boclies.  In  order  to  compute 
the  density  of  a  solid  body,  wc  must  know  its  absolute  weight, 
and  the  weight  of  an  equal  volume  of  water.  But  in  most  cases  it 
is  very  difficult,  and  even  impossible,  to  obtain  the  volume  of  a 
body  by  measuring  its  dimensions.  According  to  the  Arcliimedeau 
principle,  a  single  experiment  gives  ua,  without  anything  further 
being  neccssnry,  the  weight  of  a  mass  of  water,  haxnng  an  equal 
volume  with  the  body  t<»  be  dotermined ;  leading  us  only  to  decide 
the  loss  of  weight  on  immersion. 

In  order  to  obtain  this  result  easily  by  means  of  a  balance,  the 
instrument  imdergoes  a  slight  alteration,  by  which  it  is  converted 
into  a  hydrostatic  balance  (Fig.  76).     We  substitute  for  one  of  the 

riG.  76. 


usual  scale-pans  one  that  docs  not  hang  down  so  low,  and  to  the 
lower  part  of  which  a  hook  is  attached  on  which  the  body  to  be 
determined  may  be  suspended.  MTicn  this  is  done,  wc  may 
Mcertain  tbe  absolute  weight  y  of  the  body  by  laying  weights  in 
the  other  scalc-pan.  If  we  now  immerse  the  body,  we  must 
remove  a  part  a  of  the  weight  g  to  restore  equilibrium  ;  a  is 
consequently   the   loss   of   weight   sustained   by   the   body   from 

immersion,   and   -    is,  therefore,  its  specitic  gravity. 

Nicholson's  Areometer  (Fig.  77)  may  be  used  to  determine  the 
specific  gravity  of  solid  bodies,  instead  of  the  balance.  To  a 
hollow  glasK  or  metal  botly,  r,  n  small  heavy  mass  /  (a  glass  or  metal 
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FIG.  77.  sphere  fillt^d  with  lead)  is  sUHiMMuU-d,  unci  superiorly 
there  is  attached  to  it  u  Hue  t^tem  Kupportiug  a 
plate  f,  on  which  small  bodies  and  weights  may  be 
laid.  The  iuatruuient  floats  vL-rtically  in  the  water, 
because  its  centre  of  gra\ity  is  very  low  in  conse- 
quence of  the  weight  /.  The  instrument  ia  so 
arranpe<l  that  the  up[ier  part  of  the  budy  v  projects 
above  the  water.  If,  now  wc  lay  the  body  whose 
spccilic  graWty  we  would  ascertain  upon  the  plate 
e,  the  instrument  will  descend,  and  by  adding 
additional  weight  we  may  easdy  make  it  sink  to  the 
point /marked  generally  by  a  line  on  the  rod.  We 
remove  the  mineral  or  other  substance  we  have  been 
uainpf  and  sub.stitnte  in  its  place  as  many  weights 
as  will  a^n  make  the  instrument  sink  to/.  If,  iu 
tlif^  place  of  the  mineral,  we  have  had  to  lay  on  n 
milligrammes^  the  weij;ht  of  the  mineral  is  equal  to  n  uidli- 
gramiue^. 

If,  in  this  manner,  we  have  ascertained  the  absolute  weight  of 
the  mineral,  the  ii  milUgrammcs  must  be  again  removed,  and  the 
body  laid  in  a  basket  placed  between  r  and  /.  Tlie  instrument 
would  now  a^^n  sink  to /if  the  body  laid  in  the  bni^ket  had  not 
lost  weight  by  being  immersed  in  the  water  :  we  must,  therefore, 
lay  on  the  plate  the  weight  m  milligramme,  that  the  body  may  be 
inmiersed  to  the  mark.  In  this  manner  we  obtain  the  absolute 
weight  of  the  body  n,  and  the  weight  of  an  equal  volume  of  water 

m ;  the  specitic  gravity  we  seek  is,  therefore,   — 

If,  for  instance,  we  have  to  determine  the  specific  granty  of  a 

diamond,  we  must  lay  it  on  the  plate  and  add  sufficient  weight  to 

make  the  whole  sink  to/     If  we  tiud  after  removing  the  diamond, 

that  wc  must  lay  on  1 .2  graumies  to  cause  the  areometer  to  sink 

again  to  the  same  point,  the  absolute  weight  of  the  stone  would  be 

1.2  grauimes.     Tliesc  weights  must  be  again  taken  away  and  the 

diamond  laid  in  the  basket ;  then,  in  order  to  make  the  instrument 

sink  to/,  we  must  add  0.34  grammes  more ;  the  weight  of  a  volume 

of   water    equal    iu    volume    to    the    diamond    is,    therefore,    0.3-1 

1  2 
grammes,  and  the  specific  graWty  requirctl  is  ..  >.  =  3.53. 

The  specific  gravity  of  liquids  may  also  be  determined  by  Nichol- 
•on's  areometer.     As  the  iustmment  always  sinks   so  far  that   its 
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weight  added  to  the  weight  upon  the  plate  is  eqnal  to  the  maas  of 
liquids  displaced,  we  may,  by  tlie  aid  of  this  instrument,  ascertain 
how  much  a  definite  volume  of  water  weighs.  It  is  necessary, 
howevei-,  to  know  the  weight  of  the  iHstrimient  itself.  Suppose 
this  weight  to  be  n,  wc  must  lay  ou  some  additional  weight  to 
make  the  instruuieut  sink  to  /;  if  we  designate  this  addition  by  a, 
then  is  n  +  a  the  weight  of  water  displaced. 

D"  we  immerse  the  instrument  in  another  liquid,  we  must  lay  on 
another  weijjht  b  in  tin;  place  of  a,  to  make  the  whole  sink  to/; 
b  wiD  be  greater  than  a  if  the  liquid  be  denser,  and  less  than  a 
if  It  be  lighter  than  water.  The  weight  of  the  liquid  displaced  is 
ft  +  /i ;  but  its  volume  is  exactly  as  great  as  the  volume  of  the 
mass  of  water,  whose  weight  is  n  +  a,  because  the  areometer  has 
sunk  equally  deep  in  both  casea. 

Suppose  the  instnnnent  weigh  70  grammes,  we  must  add  20 
grauuiies  to  make  it  sink  in  water,  and  1.37,  that  it  may  sink  to 
the  poiut/ui  spirits  of  wine;  then  the  specific  gravity  of  spirits  of 
70  +  1.87 


^nne  u 


=  0.793. 


70  +     20 

The  delicacy  of  the  areometer  is  proportionate  to  the  slightncss 
of  stem  in  comparison  with  the  immersed  volume. 

It  is  always  a  somewhat  tedious  process  to  ascertain  the  specitic 
gravities  of  liquids  with  this  areometer,  and  we  might  efifeet  our 
purpose  as  quickly  and  with  much  more  exactness  by  means  of  the 
balance,  in  the  manner  already  indicated.  But  it  often  happens 
for  practical  piu^iosea,  that  we  desire  to  obtain  by  a  short  process 
the  spcciiic  gravity  of  a  fluid  in  as  simple  a  manner  as  possible, 
in  order  to  estimate  its  quality.  In  such  cusca,  it  is  quite  sufficient 
to  obtain  the  specific  gravity  within  a  couple  of  decimal  places,  and 
this  purpose  is  most  readily  effected  by  means  of  the  graduated 
areometer,  which  wc  will  now  consider. 

77«  graduated  Areometer, — By  means  of  Nicholson's  areometer 
the  specific  grauty  of  a  liquid  is  obtained  by  a  comparison  of 
the  absolute  weights  of  equal  volumes.  But  the  use  of  the 
gradimted  areometer  is  ba*ed  upon  the  principle  that,  with 
equal  absolute  weights,  the  specific  gravities  are  inversely  as 
their  volumes. 

Fig.  78  rei)rescnts  a  graduated  areometer.  It  usually  consists  of 
a  cj'Undrieal  glass  tulie,  which  is  enlarged  at  the  bottom  as  repre- 
sented in  the  drawing.     The   lower   ball   is  partially   tilled   with 


72 


AXKOMCTSR. 


mercury,  to  enable  tlie  uistinnieut  to  tlont  upright.  If  we  now 
suppose  the  instrument  to  be  Hoatiiig  in  the  water,  tlic  weight  of 
pio.  78.  the  water  displaced  is  equal  to  the  weig;ht  of  the  instrument. 
If  we  DOW  immerse  it  in  unothL-r  liquid,  it  will  sink  to  a 
greater  or  lesser  depth,  according  to  whether  the  liquid 
is  lighter  or  heaWer  than  water.  Supposing  that  the 
are<)meter  weigh  ten  grammes,  it  will  displace  ten  cubic 
centimetR's  when  floating  in  water.  If  wc  iuuncrse  it  in 
spirits  of  wine,  it  will  sinlc  so  low  that  the  spirits  of  wine 
displaced  will  also  weigh  ten  grammes.  But  ten  gi*aiumes 
ui'  spirits  of  wine  occupy  more  simce  than  ten  grammes 
of  water;  the  in.strumcnt  niustj  therefore,  sink  so  deep 
that  the  volume  immeracd  in  the  spirits  of  unne  shall 
be  inversely  to  tlie  volume  iumiersed  in  water  as  the 
specific  granty  of  these  liquids. 

We  may  now  well  tuiderstand  that,  if  the  tube  be 
properly  di^"i(led,  we  may  ascertain  the  specific  gravity 
of  a  liquid  by  one  single  easily-conducted  experiment. 
Amongst  all  the  scales  that  have  been  applied  to  the  areometer, 
the  one  pro|»osed  by  Gay  Lussac  is  ineontestibly  the  simplest 
and  most  efficacious ;  we  will  therefoi-e  consider  it  first. 

We  must  suppose  the  point  a  of  the  tube  nf  an  areometer,  to  be 
marked,  as  being  the  point  to  which  the  inatniment  sinks  in  water, 
and,  starting  from  thence,  that  a  series  of  lines  arc  so  arranged 
that  the  volume  of  the  portion  of  the  tube  intervening  between  two 
marks  is  Tr^th  part  of  the  volume  immersed  in  the  water.  If,  for 
instance,  we  assume  that  the  volume  of  the  submerged  portion  of 
the  aiYometer  is  exactly  ten  cubic  centimetres,  then  the  volume  of 
the  portion  of  the  tube  intervening  between  the  two  marks  would 
be  0.1  of  a  cubic  centimetre. 

The  watermark  «  is  numbered  100,  and  the  dixisions  are  num- 
bered upwards.  Areometers  thus  graduated  are  designated  by  the 
8|>eeiu]  term  volumeters.  Supposing  that  the  areometer  sank  ui  any 
liquid  to  the  mark  80  on  the  vo/umetrr,  wc  know  that  80  parts  of 
this  liquid  weigh  as  much  as  100  of  water ;  the  speeiiic  gravity  of 
this  Uquid  is,  therefore,  to  that  of  water  as  100  to  80,  and  conae- 
qucntly  =   sV  or  1.25. 

If  the  volumeter  were  to  sink  in  another  liquid  to  the  mark  IIG, 
we  should  ttiul  by  a  similar  mode  of  deduction  that  the  speeilte 
gravity  of  this  liquid  was  t" S  or  0.862.     In  short,  if  the  volutneter 
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smk  to  a  dvfimte  point  y  of  the  sctife,  wc  fnd  the  sjtedfic  r^ravity  b 
of  the  litjuid  on  dividiny   100  by    the  matdier  observed   upon    the 

graduated  scale ,-  that  is,  s  ^     — 

The  accuracy  of  8uc!i  aTi  iustrunient  is  increased  in  proportion 
to  the  distance  of  one  mark  from  the  other,  and  in  proportion  to 
the  thinness  of  the  tube  in  comparison  with  the  vohinic  of  the 
whole  inRtnunent.  In  order  to  avoid  having  very  long  tubes,  no 
volumeter  is  made  applicable  to  all  fluids,  there  being  diifert^nt  ones 
that  can  be  used  either  for  hghter  or  heavier  fluids.  In  the  fonner, 
the  watemmrk  lOO  is  near  the  lower  j  and  in  the  latter,  near  the 
upper  extremity  of  the  tube. 

Before  the  graduation  is  made,  tlie  quantity  of  mercury  in  the 
ball  of  the  instrument  must  be  so  regulated  that  it  will  sink  in  the 
water  either  to  a  jjoiiit  lying  near  the  lower  or  upper  end  of  the 
tube.  When  this  is  dune,  a  second  point  in  the  scale  must  be 
obtained  in  the  following  niauuer : — 

Suppose  the  instnmieut  to  be  intended  for  lieavy  liquids,  and, 
therefore,  having  the  watermark  at  the  upper  end  of  the  tube. 
Wc  provide  ourselves  with  a  liquid  whose  specific  weight  is  exactly 
1.25,  and  which  we  can  easily  obtain  by  a  mixture  of  water  and 
sulphuric  acid,  its  specific  gravity  being  tested  by  means  of  the 
buhuice.  In  this  liquid  we  now  immerse  the  instrument,  observing 
the  mark  to  which  it  sinks.  But  the  speeltic  gravity  1 .25  corres- 
ponds to  the  mark  80  of  the  volumeter  scale.  This  last  observed 
point  ij*,  thercfui^,  to  be  marked  80,  and  the  intencning  space  to 
be  divided  into  twenty  equal  parts;  a  similar  graduation  being 
carried  ou  below  the  point  80. 

If  the  volumeter  be  designed  for  light  Uquids,  and  the  mark  100 
be  consequently  at  the  lower  part  of  the  tube,  we  find  a  second 
point  in  the  scale  on  immer.sing  the  instrument  into  a  mixture  of 
water  and  spirits  of  \\\\w,  the  specific  gravity  of  which  is  accu- 
rately 0.8,  This  specific  gravity  0.8  eorresponds  to  the  mark  125, 
and  we  must,  therefore,  divide  the  apace  between  this  mark  and 
the  waterninrk  into  twenty-five  equul  parts.  The  divisions  are 
generally  marked  upon  a  strip  of  paper,  and  fastened  to  the 
interior  of  the  tube. 

The  relation  existing  between  the  different  graduated  points  of 
the  volumeter,  and  the  specific  gravity  will  easdy  be  understood  by 
looking  at  the  accompanying  diagram.  The  line  a  b  (Fig.  79) 
represents  a  volumeter   scale,  ranging   from  the  mark  50  to  the 
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»'»»•  7f>-  mark     130.       At    every    tentb 

puint  of  cUviaiou  a  perpendicular 
is  drawn^  on  which  ia  marked 
the  lenjrth  ])roport!onate  to  the 
coiTespondiiig  specilic  gravity. 
Tlms^  if  the  perptrndicohir  drami 
through  the  point  100  is  1,  that 
through  50  in  2f  that  through 
120  0.83  and  so  forth,  it  is  of 
course  quite  immaterial  what 
unit  we  chooae  in  the  ^raduatiou 
of  these  perpendiculars. 
The  summit  of  these  perptiidiculara  are  connected  by  a  cun'ed 
hne,  which  represents  the  law  connecting  the  points  of  the  scale 
and  the  corresponding  speeifie  gra\'ities.  The  curve  at^cciuls  the 
more  rapidly  as  it  approaches  the  lower  points  of  the  vohnneter 
scale  lyiuK  "'^"'"  **•  From  thia  it  is  cndent  that  the  difference 
between  the  ]>crjK'ndicu]ara  drawn  through  60  and  70  must  be 
greater  than  that  existing  between  the  equally  distant  perpen- 
diculars drawn  through  120  and  130;  or,  in  general  terms, 
that  an  equal  number  of  degrees  on  the  lower  end  of  the  volumeter 
scale  correspond  with  a  gitatcr  difference  of  8j)ccitic  gravity  than 
on  the  upper  part.  It  further  follows  that,  if  the  graduated  points 
of  the  scale  are  to  corresjwnd  to  equal  differences  of  the  specific 
gravity,  the  distance  between  two  points  must  be  greater  at  the 
upper  than  at  the  lower  part  of  the  scale. 

Another  excellent  mode  of  dividing;  the  areometer  scale,  proposed 
also  by  Guy  Lussac,  but  previously  made  use  of  by  Brisson  and 
G.  G.  Schmidt,  gives  the  specific  grantics  directly.  The  relation 
of  this  seulc  to  the  volumeter  scale  will  be  easily  understood.  If 
we  mark  on  any  of  the  i)erpendiculars  (Fig.  79)  the  heights  0.8, 
1,  1.2,  1.4,  1.6,  &c.,  and  draw  horizontal  lines  through  these 
heights  to  intersect  the  curve,  and  from  these  points  of  intersection 
perpeudiculars  down  to  the  hne  representing  the  volumeter  scale, 
OTi  as  ia  the  case  in  o>ir  diagram,  to  a  line  m  n,  lying  somewhat 
above  that  of  the  volumeter  scale,  we  obtain  the  degrees  upon  the 
•cale  coinciding  with  the  speciric  gravities  1.8,  1.6,  l.l-,  &c.  But 
wc  here  see  how  unequal  ai*e  the  divisious  of  the  scale,  and  how 
much  they  increase  in  size  from  the  lower  towards  the  upjwr 
parts. 

AVe  have  here  only  given  the  construction  of  this  scale  for  the 
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puints  frtmi  20  to  20  p.  o.  of  the  specitic  gravity.  If  we  wish  to 
construct  B  scale  according  to  this  method,  the  tigure  must  be 
drawn  uecordin^  to  much  larger  proportions,  and  the  points  from 
at  leaat  5  to  5  p.  c*.  of  the  s|)f  citic  gravity  must  be  obtained.  The 
iiitenaU  may  then  l>c  divided  equally  without  any  marked 
error. 

Another  mcthml  iif  constructing  these  ftcalea  has  been  proponed 
by  Schmidt.  Although  the  speeitie  gravity  may  he  obtained 
directly  by  means  of  areometera  of  this  kind,  the  volumeter  has 
great  advantages.  In  the  first  place,  the  completion  of  a  voliniicter 
scale  is  iniinitcly  easier  ;  owing  to  the  uniformity  "f  the  divisions, 
we  may  graduate  the  scale  with  much  greater  aecuracy,  while  the 
calculations  that  have  to  be  made  to  learn  the  specific  gravity 
according  to  the  volumeter  scale  are  so  extremely  simple  that  they 
certainly  cannot  fumi.sh  any  grounds  of  objection  to  the  use  of  that 
instrument. 

In  a  practical  point  of  view,  our  aim  is  not  so  much  to  learn  the 
specific  gravity  of  a  liquid  as  to  know  the  point  of  concentration  of 
a  saline  solution  and  the  proportion  of  mixture  in  a  liquid.  These 
points  certainly  8tand  iu  such  close  i-elation  to  the  specific  gravity, 
that,  if  by  helj)  of  the  ai-eouieter  we  can  ascerliiin  the  specific 
gravity  of  a  liquid,  we  may  also  draw  a  correct  conclusion  as  to  its 
nature.  Special  areometers  have  been  constructed  for  such  liquids 
as  are  most  frequently  used,  giving  the  direct  proportious  of 
mixture.  We  will  only  consider  one  of  the  most  important  of  these 
— the  alcohohmiter . 
no.  BO.  This  iiistnintent  serves  to  determine  the  amount  of 
alcohol  in  a  mixture  of  water  and  spirits  of  wine. 

The  specific  gravity  of  alcohol  is  0.793  if  we  take  that 
of  water  as  unity ;  n  mixture  of  water  and  absolute  alcohol 
will,  therefore,  have  a  density  falling  between  1  and 
0.793,  and  approaching  more  nearly  to  either  extremity 
as  the  water  or  the  alcohol  preponderates  in  the  mixture. 
The  density  deviates,  however,  from  the  arithmetical  mean 
reckoned  from  the  proportions  of  the  mixture. 

The   reason   of  this    deviation   is  to  be  sought  in  the 
contraction   cKcurring  when  we   mix  water  and  spirits  of 
wine,  and  which  we  will  first  make  evident  by  an  experi- 
ment. 
_  If  we  take  a  glass  tube,  such,  for  instance,  as  is  used 

in  the  Torricellian  experiment,  fill  one  half  with  water  and  the 
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iiwijimVi  with  spirits  of  wise  (far  tkc  Lec&ar  Emb,  tfe  caloured 
■pirit  of  wiite  is  prdcnbfe),  «e  aha!  §mi  tfe  feqsi^  do  out  ma,  tkc 
vpiiits  of  wine  floating  on  the  water.  Wken  the  open  end  has 
been  clewed  by  a  cock  atopper,  ao  that  no  Eqnd  can  catape^  a 
mixture  of  the  ftnids  wiB  occsr  fay  ^km  nftjago^the  wvler  as  aoon 
aa  we  iiiTCTt  the  tube.  Wben  the  Kqnda  aie  pfHectK  mixnl,  we 
ace  that,  iwtead  of  the  whole  tahc  hdnp  fiiB,  «  Tanas  has  been 
iaaatti,  aad  oeeopTing  aboot  half  is  iadb  of  the  t«b& 

^  ,1.  The  ai(iM|Mji.t.  %ne  (Kg.  81)  le^ 

M-^«c-».-»,o  piiamto  the  lava  far  the  tia^iaiiiiai  of 
b&sbsCss"  oBCtcot |Bt)pattioos of flBSEtww  The pcrpcB- 
dicnlsn  drawn  at  the  difamt  points  of  the 
hnfiwHtal  haaea  of  the  pafatirtngram^  and 
paaaiag  throwgh  ka  upper  ade,  gi^c  the 
sums  of  the  mixed  TalaBeSy  the  part  lying 
within  the  shaded  portioa  of  the  figure 
abuwing  the  vohnne  of  the  water,  and  the 
remainder  the  rolume  of  the  spirits  of  vine. 
Thns,  the  perpradicular  line  elented  at  the 
point  20  is  divided  by  the  diagonal  of  the 
panikK'^'ram  in  snch  a  ratio  thut  iVtbs  of  its  whole  length  fall 
within  the  shaded,  and  the  remaining  T^ths  in  the  unshaded 
part  of  the  figure ;  it  corresponds,  therefore,  to  a  case  where  we 
have  a  mixture  of  80  parts  water  u-ith  20  jtarta  spirits  of  wine.  But 
in  this  case,  the  mixture  forms  a  volume  only  0.982  of  the  sum  of 
the  mixed  volumcsj  on  which  account  the  length  of  0.982  is 
marked  upon  thiH  perpendicular,  ct^oiitiiisr  from  beluw  (taking  the 
whole  Ungtii  of  the  periK-ndicular  as  the  unit).  Thus  the  length 
0.9fVj  IS  marked  at  the  point  00,  because  40  p.  c.  of  water  mixed 
with  (jO  p,  e,  of  spirits  of  wine  coincide  with  0.9G5,  the  sum  of  the 
iiiiied  vohiinm.  The  nnmbers  ntanding  over  ever>'  per}>eiidiciLlar 
give  for  each  ease  the  exact  value  of  the  volume  according  to  the 
mixture,  if  the  Hums  of  the  mixed  volumes  be  1000.  A  curve  is 
drawn  over  the  points  marked  in  the  wav  indicated  on  the  different 
perfiendiculars.  Tlie  vertical  distance  between  each  point  of  tliis 
curve  from  the  upper  hi»ri2ontal  line  rejiivsents  the  amount  of  the 
contraction. 

Kn»m  these  con  jii  Herat  ions  it  follows  that  the  specific  gravity  of  a 
inixlurr  of  water  and  npirits  of  wine  must  always  be  greater  thau 
the  nmipute<l  arithmetical  mean.  In  Pig.  82,  6.793  is  the  length 
of  the  |icrpendicular  (Uawn  through  the  point  100,  if  wc  take  the 
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length  of  the  perpendicular  from  the 
point  0  as  the  unity.  The  former  repre- 
sents tlic  specific  gravity  of  absolute 
alcohul,  and  the  latter  that  of  water.  If 
we  connect  the  upper  jwints  of  these  two 
extreme  pcqiendicTdurs  by  a  straight  line, 
and  draw  through  the  points  90,  80,  70, 
&c.,  perpendiculars  going  to  this  straight 
line,  the  length  of  these  perpendiculars 
would  represent  the  8|}ccific  gravity  of  a 
mixtm-e  of  90,  80,  70,  &c.,  parts  of  spirits 
of  wine  with  10,  20,  30,  &c.,  parts  of 
occurred.     But  a  length  is  marked  upon 


100      W      eo       40      90        0 

water,  if  no  contraction 
every  perpendicular  corresponding  to  the  true  deusity  of  the  uiixtun*. 
The  cur^'c  connecting  those  |X)ints  in  the  different  perpcndiculai-s, 
repreaents  the  law  according  to  which  the  density  of  a  mixture 
of  water  and  spirits  of  wine  changes  if  the  alcoholic  conteuia 
increase  from  0  to   100  p.  c. 

The  number  standing  over  each  pei'pGndicular  gives  the  accnratc 
numerical  value  of  the  specific  gravity  of  the  eorrcs ponding  mixture. 
If  by  the  numbers  100,  90,  80.  aO,  10,  0,  we  designate  those 
poiota  on  an  ai-eometer-tube  that  correspond  with  the  specific 
gravities  0.793,  0.828,  0.857,0.970,  0.985,  and  1  ;  and  if,  further, 
we  di\idc  the  space  inlerveuiug  between  every  two  points  into  tim 
cqnal  parts,  which  may  be  done  without  any  great  inaccuracy,  we 
obtain  &  per-centage  areometer  for  spirits  of  wine  ;  that  is  to  say,  au 
instrument  by  which  we  can  directly  read  off  l)(iw  many  parts  by 
volume  of  alcohol  are  contained  in  a  mixture  uf  water  nnd  spirits  of 
wine.  Such  a/cokolometers  have  been  made  in  France  according  to  the 
calculations  of  Gay  Lussac,  and  in  Germany  according  to  those  of 
Tralles,  and  have  been  ufficially  adopted,  in  order  that  by  theii*  aid 
the  alcoholic  contents  of  brandy,  sjjirits  of  wine,  &c.,  subject  to  excise 
duties,  might  bo  determined.  Fig.  83  shows  the  main  dinsiona  of 
such  an  alcoholometer  in  theii'  true  pro]K)rtions.  We  see,  as  we 
might  aup]>08e,  that  the  divisions  are  of  imetpial  magnitude. 

The  voKmictcr  may  easily  i*eplacc  the  alcoholometer,  if  wc  only 
have  at  hand  a  table  in  wliich  the  quantity  of  nlmhul  ronvsjwnding 
with  the  different  degrees  of  the  volumeter  ia  given. 

As  may  easily  be  supposed,  the  alcoholometer  ia  not  applicable 

any   other   fluid  but   the  one  for  wliieli  it  is  desigiuMl.     In  a 

similar   manner    areometers   have    been     conatructed   for    giving 
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accurately  the  pro|Kirtions  of  uil  acid,  a  saline  solution,  &c.      As 
no.  83.  however,    such    inHtruments  arc  solely  applicable  to  the 

fioo  single  fluida  for  which  tliey  are  conatructed,  it  is  better  to 
make  use  of  the  volumeter,  and  to  seek  in  the  tables 
constructed  for  the  purpose,  the  propoi'tions  corresponding 
to  the  degrees  observed  on  the  volumeter. 

It  now  only  reniaiiis  for  us  to  mention  the  older  arco- 
metric  ^duations,  which,  however,  arc  no  longer  of  use 
for  ftcientifie  purposes. 

Beaume  Hxed  on  n  second  point,  in  addition  to  the 
watennark,  by  plunging  the  instrument  into  a  solution 
consisting  of  one  part  of  common  Bait  and  uiue  parts  of 
water.  The  space  intervening  between  these  two  points 
he  divided  into  teu  equal  parts,  which  he  called  degrceSj 
the  <Livision  being  continued  beyond  the  two  fixed  points. 
The  water  point  is  marked  with  0  for  liquids  heavier  than 
water  when  the  degrees  arc  counted  downwards,  while  for 
liquid.s  lighter  than  water,  the  water  point  ia  marked  10^ 
and  the  degrees  are  counted  upward.  It  is  easy  to  see 
tbftt  by  such  an  instrument  neither  the  specific  weight  nor  the 
proportions  of  a  fluid  mixture  can  be  ascertained. 

Carder  made  an  unimportant  change  in  Beaumd's  scale  by 
increasing  the  size  of  the  degrees,  fifteen  of  his  degrees  being  equal 
to  sixteen  of  Ueaumd's  instrument.  However,  little  benefit  may 
have  been  derived  from  this  alteration,  it  has  had  the  effect  of 
banding  down  his  name  to  posterity,  sinct^  in  spite  of  ita  little 
value,   Cortier^s  scale  is  very  generally  known. 

In  Germany,  Mciszner  has  done  much  senici:  to  arcometry,  and 
his  Treatise  published  in  1816  at  Vienna,  "  On  the  Application  of 
Areonietry  to  Chemistry  and  Technology,'*  is  pcrha])s  the  most 
valuable  work  that  we  have  on  the  subject.  Meiszner's  areometcra 
consist  of  simple  cyUndrical  glass  tubes  from  six  to  eight  millimetrea 
in  diameter,  without  enlargement  at  thp  lower  end,  which  is  filled  vtith 
shot  imbedded  in  fused  sealing  wax;  the  scale  is  at  the  upper  end. 

The  following  table  gives  a  v-iew  of  the  specific  gravities  of  certain 
tiodies,  the  knowledge  of  which  may  frequently  prove  necessary,  or 
at  least  interesting. 
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TABLS    OP   THE    SPECIFIC    WEIQUT8    OP    SOME    SOLID    BODIES. 


PlatiTium — coiucd 
„     rolled    .     . 


22.100 
22.069 
20.857 
19.267 
19.325 
19.253 


„     fused     .... 

„     drawn    into  wire. 
Gold — coined       .     .     . 

„     fused  .... 

Iridium 18.600 

Tungsten 17.600 

Lead — fused  ....  11.352 

PaUadium       ....  11.300 

Silver 10.474 

Bismuth 9.822 

Copper — malleable  .     .  8.878 

„     fused    ....  7.788 

„     drawn  into  wire.  8.780 

Cadmium        .     ,     .     .  8.69-t 

Molybdenum       .     .     .  8.611 

Brass 8.395 

Arsenic 8.308 

Nickel 8.279 

Uranium 8.1 

Steel 7.816 

Cobalt 7.812 

Iron — wrought    .     .     .  7.788 

„     cast     ....  7.207 

Tin 7.291 

Antimony       ....  6.712 

Tellurium       ,     ,     .     .  6.115 

Chromium      ....  5.900 

Iodine 4.948 

llea^y  Spar    ....  4.426 

Seleniuui        ....  4.320 

Diamond 3.520 

Flint  glass— French       .  3.200 

Eiiplifih     .  3.373 
„            Fraucnhofer.  3.779 

Bottle  Glass   ....  2,600 

Plate  Glass     ....  2.370 

Tourmaline  (Grc<*n)  .     .  3.155 

Marble 2.837 


Emerald 2.775 

llock  Cr)stal.      .     ,     .  2.683 
Porcelain — Dresden.     .  2 .493 
„         Sevres     .     .  2.145 
China     .     .  2.384 
Sulphate  of  Lime  (Cry- 
stal)          2.311 

Sulphur  (Natural)    .     .  2.033 

Ivory 1.917 

Alabaster 1.874 

Anthracite      ....  1.800 

Phosphorus    .     ,     .     ,  1.770 

Amber 1.078 

Wax  (White)  ....  0.969 

Sodium 0.972 

Pota.ssium       ....  0.865 

Ebony 1.226 

Oak  (Old) 1.170 

Box 1.330 

Maple — Green     .     .     .  0.904 

„       Dry  ...     .  0.659 

Beach — Green      .     .     .  0.982 

„       Dry   ....  0.590 

Pine— Green  ....  0.890 

„       Diy  ....  0.555 

Alder— Green      .     .     .  0.857 

„       Dry  ...     .  0.500 

Ash — Green    ....  0.901- 

Dry  ...     .  0.6H 

Hornbeam — Green  .     .  0.945 

„       Dry  ...     .  0.769 

Linden— Green   .     .     .  0.817 

,,      Dry  ...     .  0.439 

Mahog:Bny      ....  1.060 

Nutwood 0.677 

Cypress 0.598 

Cedar 0.561 

Poplar 0.383 

Cork 0.210 
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DENSITY    OF    SOME    LIQUIDS    AT   32*^  F.,    UNLESS   OTHERWISE 
SPECIFIED. 


Distilled  Water 
Mercury    . 


1.000 
13.598 


Bromine 
Sulphuric  Acid 


2.966 
1.848 


DILUTE    SULPHURIC    ACID,    ACCORDING   TO    DELEZEUNE,    AT    59"   F, 


10  per  cent  acid  . 

.  1.066 

60  per  cent  acid  . 

.  1.486 

20 

.  1.138 

70 

.  1.595 

80 

.  1.215 

80 

.  1.709 

40 

.  1.297 

90 

.  1.805 

50 

.  1.387 

100 

.  1.840 

DILUTE    NITRIC    ACID. 


10  per 

cent  acid 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Milk 

. 

Sea  Water  .     . 

1.054 
1.111 
1.171 
1.234 
1.295 
1.348 
1.398 
1.438 
1.473 
1.500 
1.030 
1.026 


Wines — Claret 
„         Champagne 
,,  Malaga 

„         Moselle 
„         Rhenish 
Oils — Citron    . 
„       Linseed  . 
„       Poppy     . 
„       Olive 
„       Turpentine 
Alcohol,  absolute 
Sulphuric  Ether 
Sulphuret  of  Carbon 


0.994 
0.998 
1.022 
0.916 
0.999 
0.852 
0.953 
0.929 
0.915 
0.872 
0.793 
0.715 
1.272 


Aiihe&i&n  between  solid  and  liquid  bodies. — The  phenomena  of 
adhesion  occurring  bet\reen  solid  and  liquid  bodies  are  eiinilar  to 
those  between  solid  bodies;  that  is  to  say,  liqnids  adhere  more  or 
less  strongly  to  the  surfaces  of  sohd  bodies.  If,  for  instance,  we 
sprinkle  a  few  drops  of  water  on  a  vertical  glass  platCj  they  will 
partly  remain  hanging  to  it,  instead  t>f  dro]tping  down,  as  would 
be  the  case  if  the  parity  of  the  drops  were  not  counteracted  by 
another  force,  namely,  the  atii-action  which  exists  between  the 
particles  of  the  liquids  and  the  surface  of  the  glass. 

This  adhesion  is  also  tlie  cause  nf  liquids  so  easily  running  down 
the  outer  walls  of  the  vessels  when  we  wonld  pour  them  out ;  and 
to  avoid  this,  \re  either  rub  the  outer  rim  of  the  vessels  with  fat,  or 
let  the  liquid  pass  along  a  moistened  glass  rod. 

Capillary  Tvbes. — It  has  bwn  already  mentioned  that  the  upj>iT 
surface  of  a  liquid  contained  in  any  vessel  is  horizontal.  This, 
however,  is  only  true  where  the  molecular  action  exercises  no 
disturbing  influence  upon  the  wuUs  of  the  vessel.  In  the  vicinity 
of  the  walls,  deviations  from  the  normal  surface  always  occur. 

If  one  end  of  a  glass  tube  be  plunged  into  a  liquid,  the  level  of 
the  liquid  in  the  tube  will  never  be  at  the  same  height  with  the 
upper  surface  of  the  liquid  outside.  For  instance,  when  plunged 
into  water,  the  column  of  the  liquid  rises  in  the  tube  (Fig.  84) ;  but 
if  we  plunge  the  tube  into  mercury,  the  top  of  the  column  of 
no,  84.  riG.  85.  mercury  in  the  tube  will  be  lower  (Fig.  85). 
These  phenomena  of  elevation  and  depression  arc 
known  as  capillary  phenomena,  and  the  force  pro- 
ducing them  as  capillary  nttraction,  or  simply 
capillarity.  This  force  not  only  acts  in  the  ele- 
vation or  depression  of  liquids  in  tubes,  but  is  at 
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work  wherever  liquids  are  io  connection  witli  solitl  bodies,  or 
among  themselves,  or  where  solid  bodies  are  in  juxtaposition, 
or  in  general  where  the  smalleat  particles  of  ponderable  matter  are 
in  contact. 

It  is  easy  to  persuade  oneself  by  experiment  that  the  difference 
of  height  between  the  surface  of  liquids  in  tubes,  and  that  of  the 
external  fluid,  increases  in  proportion  to  the  narrowness  of  the 
bore  of  the  tube.  If  we  plunge  into  water  two  tiibes,  of  which 
one  has  twice  as  large  a  diameter  as  the  other,  the  water  will  rise 
twice  as  high  in  the  narrower  tube  ;  if  we  plunge  them  into 
uiercuryj  the  liquid  will  be  depressed  twice  as  low  in  the  narrower 
tube. 

The  difference  of  the  level  of  liquids  within  and  without 
the  tubes  is  inversely  as  the  diameter  of  the  tubes.  The  height 
of  the  raised  columns  depends  in  the  above-given  manner 
upon  the  diameters  of  the  tubes,  but,  if  the  walls  of  the  tubes 
have  been  wetted,  their  thickness  and  substance  are  of  no  impor- 
tance ;  on  the  other  hand,  the  height  depetidi!  especially  upon  the 
aaturcof  the  liquid.  Tlie  following  is  the  elevation  in  a  tube  of  one 
millimetre  in  diameter  for  three  different  liquids  : — 


Water 

Alcohol  (sp.  gr.  0,8IS5) 

Oil  of  turpentine 


29.79  millimctrefl. 
9.15 
12.72 


We  must  not  omit  to  mention  that  when  a  liquid  rises  in  a  narrow 
tube,  the  surface  oi  the  Lquid  column  is  always  concave  (Fig.  86), 
forming  a  hollow  hemisphere  having  the  diameter  of  the  tube.  If, 
on  the  contrary,  there  be  a  depression,  the  top  of  the  liquid  will 
no.  96.  no.  87.  aasume  a  convex  form  (Fig.  87).  These 
fbnns  are  essentially  de]>rndent  u|)on  the 
elevation  or  depression,  for  if  we  pass  any 
fatty  substance  over  the  minor  walls  of 
the  tube,  and  then  place  it  into  water, 
we  obtain  a  convex  meniscus,  exactly  as  if  we  had  immersed  nn 
ordinary  glaw  tube  in  mcrcurj-.  It  follows,  therefore,  that  the 
differences  of  the  level  depend  upon  the  form  of  the  meniscus,  and, 
conseqiu'ntly,  that  all  accidental  causes  which  hinder  the  meniscus 
from  asauniing  its  regular  form,  also  modify  the  height  of  the 
oolnmns.  If,  for  instance,  a  tube  be  not  perfectly  smooth  and 
clean   intcnially,  indentationB  will  appear  at  the  border  of  the 
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meniscus,  and  we  then  obt&in,  on  frcqnently  repeating  the  expm- 
ment,  very  various  I'caults. 

The  power  of  blotting-paper  in  taking  i\p  liquids,  the  action  of 
the  wicks  of  candles  and  lamps,  the  efflorescence  of  Hatnrated 
solutions,  &c.,  all  depend  upon  the  action  of  capiUary  tnI>eR.  The 
vcMcls  of  plants  conveying  the  sap  upwards  from  the  roots  are 
remarkably  minute,  and  act  on  this  princi])le. 

Ctmnection  between  the  particles  of  a  Lujuid. — Although  liquids 
have  no  independent  form,  and  although  their  separate  particles 
admit  of  being  most  easily  displaced,  the  connection  existing 
between  them  does  not  ecase,  as  wc  sec  cxempUfied  in  the  ease  of 
the  formation  of  (h-ops.  If  we  pour  water  upon  a  surface  strewed 
with  lycopodium  seed,  or  mercury,  into  a  porcelain  vessel,  drops 
almost  ipherical  will  he  formed.  If  no  connection  existed  between 
the  separate  particles  of  the.  water  and  the  mercury,  they  would  fall 
asunder  like  dust ;  in  slowly  pouring  liquids  from  any  vessel,  they 
will  not  fall  in  separate  drops ;  such  a  drop  only  falling  if  its 
weight  be  sufficiently  great  to  effect  at  once  a  separation  from  the 
remaining  mass  of  the  liquid. 

The  cohesion  existing  between  the  separate  particles  of  a  liquid 
can  be  directly  nicasxired.  If  a  solid  disc  be  placed  upon  the 
surface  of  a  liquid,  it  can  no  longer  be  lifted  up  in  an  horizontal 
position  with  the  same  force  as  when  hanging  freely  in  the  air ;  a 
greater  or  smaller  additional  force  being  necessary  to  draw  it  up. 

We  make  use  of  the  balance  in  order  to  measure  this  force.  On 
the  one  side  we  hang  an  horizontal  disc,  and  on  the  other  wc  lay  a 
balancing  weight  to  establish  equilibrium.  If  the  whole  be  equi- 
poised, we  approximate  the  surface  of  a  liquid  to  the  under  part  of 
the  disc  until  they  meet,  and  then,  without  shaking  the  balance, 
we  add  weights  to  the  opposite  side,  remarking  the  quantity 
necessary  to  separate  the  liquid  from  the  disc. 

In  order  to  remove  a  glass  disc  of  118""  diameter,  different 
weights  arc  required  for  different  liquids.    As  for  instance  : — 
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results.  Adheaiou  is,  therefore,  like  caj>illarity,  iiiclejMintlcnt  of  the 
nature  of  the  solid  bodies,  and  depiMuls  only  upon  the  nature  of  the 
liquids.  It  is  easy  to  set'  the  reason  of  this,  for  on  drawing  it  up  there 
always  remains  a  layer  of  the  liquid  on  the  disc;  the  liquid,  there- 
fore, has  not  been  separated  from  the  disc  by  the  preponderance  of 
weight  on  the  other  side,  but  the  molecules  of  the  liquid  have  been 
severed  from  each  other,  nud  the  cohesion  of  the  liquid  has  been 
overcome.  The  ex|>erinients  adduced  yield,  therefore,  a  measure 
for  the  coliesidii  of  liquids,  and  for  the  attraction  existing  between 
their  particles,  and  we  thus  see  how  considerable  is  this  attraction, 
and  tliat  it  changes  with  the  nature  of  the  liquids. 

If  the  upper  sm-face  of  the  disc  be  not  moistened  with  the  liquid, 
u  for  instance,  is  the  case  when  we  place  a  glass  disc  on  mercury, 
the  extra  weight  effecting  the  separation  no  lunger  expresses  the 
cohesion  of  the  liquid. 

It  is  necessary  to  use  a  force  of  about  200  grammes  to  raise  a 
glass  disc  of  the  above  dimensions.  It  foUown,  therefore,  that, 
even  when  a  solid  body  is  not  moistened  by  a  liquid,  a  greater  or 
smaller  attraction  will  still  exist  between  the  molecules  of  the  liquid 
and  those  of  the  etolid  body,  only  in  this  case  the  cohesion  of  the 
liquid  is  greater  than  the  adhesion  between  the  liquid  and  the  solid 
body. 

The  phenomena  here  treated  of  may  be  considered,  in  a  theore- 
tical point  of  view,  in  the  foilowiiig  manner: — Merciu*}'  forma 
spherical  drops  u|>on  paper,  and  water  upon  an  unctuous  or 
sprinlcled  surface. 

This  phenomenon  is  usually  explained  by  the  luiiversal  attraction 
of  all  molecules  to  one  another,  on  the  hbuil"  principle  that  we 
explain  the  spherical  formation  of  the  heavenly  bodies.  But  this 
explanation  is  not  admissible,  since  molecular  attraction  acts  very 
differently  from  universal  gravity ;  and  since,  from  its  acting  only 
at  ini|>erceptible  distances  upon  contiguous  molecules,  it  cannot  be 
so  condensed  as  to  form  a  central  j)oint  of  attraction  isintilar  to  the 
central  point  of  gravitation  of  the  planets.  The  following  seems  to 
be  a  more  correct  mode  of  elucidating  the  subject : — 

The  molecules  of  a  liquid  must  remain  ut  such  a  distance  that 
attraction  and  repulsion  shall  neutralize  each  other.  This  is  only 
possible  when  the  molecules  arc  so  placed  in  regular  layers  that 
etdi  molecule  is  surrounded  by  twelve  others,  something  in  the 
manner  tliat  cannon  balls  of  ecjual  aixe  are  wont  to  be  ranged. 
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This  arrangement  remains  also  undisturbed  wbere  the  liquid  termi- 
nates in  a  level  surface.  Every  molecule  in  subject  to  perfectly 
equal  actions  from  all  sides,  aud  all  the  molecules  arc  perfectly 
equidistant  one  from  the  other.  Such  an  arranj^ement  may  be 
termed  the  uormal  arrangement  of  the  molecuteit.  If  a  part  of  the 
limiting  surface  be  cun'cd,  the  reciprocal  apposition  of  the  mole- 
cules can  uo  longer  n:main  the  same ;  and  such  a  deposition  may 
be  termed  abnoniial. 

Ab  soon  as  the  normal  position  of  the  molecules  is  disturbed  by 
any  cxtenial  force,  the  hitherto  perfect  equilibrium  of  the  whole 
wrill  be  disturbed,  a  tension  will  arise,  striving  to  restore  the 
disturbed  parallelism  of  the  layers,  and  bring  back  the  particles  of 
the  liquid  to  their  normal  |>ositiou  as  soon  as  the  disturbing  cause 
ceaacs  to  act.  If  we  plunge  a  rod  moistened  by  a  liquid  into  the 
aame,  wc  may,  by  slowly  drawing  it  out,  form  an  elevation  which 
will  immediately  be  restored  to  a  plane  surface  on  entirely  removing 
the  rod. 

This  certainly  can  only  be  the  consequence  of  gravity  j  but 
the  same  thing  occurs  in  the  re^■ersed  position  of  the  plane.  If 
wc  till  with  water  a  tube  not  exceeding  three  lines  in  diameter, 
and  having  one  end  open,  we  may  revolve  it  without  the  water 
escaping.  It  forms  a  hanging  ]ilauc,  from  which,  as  in  the 
former  instance,  then  arise  elevations,  which,  after  separation, 
in  opposition  to  the  action  of  gravity  return  to  the  plane 
surface. 

A  liquid  strives,  therefore,  to  terminate  in  a  plane  surface ;  but  a 
mass  fipce  on  all  sides  cannot  be  surrounded  by  one  single  plane. 
If  it  were  bounded  by  plane  siu'faces,  the  edges  would  be  soon 
flattened  by  the  tension  of  the  molecules ;  but,  if  the  mass  were 
bounded  by  a  eur\ed  surface,  whose  curves  were  not  equal  on  all 
sides,  a  stronger  tension  would  naturally  also  ocour  at  the  more 
strongly  curved  parta  of  the  surfaces,  tending  to  the  perfect 
sphericity  of  the  whole.  The  roundness  of  the  air-bubble 
depends  U|>on  the  same  principle.  The  gupcrlicial  molecules  of 
a  perfectly  free  liquid  compose,  therefore,  a  network,  forcibly 
compressing  the  minor  part.  If  we  make  a  soap-bnbblc,  it 
will  retain  its  size  as  long  as  we  keep  the  opening  of  the  tube 
closed,  but,  a^  soon  us  this  ceases  to  be  done,  the  bubble  will 
diminish  more  and  more.  If  the  air  in  the  bubble  were  not 
compressed  by  the  enclosing  liquid,  and  if  it  were  not  denser 
than    the    surrounding    atmosphere,    it    would    remain    in    the 
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be  considered  as  a  rigid  continuation  of  the  liquid.  The  air  above 
the  liquid  in  the  vessel  must,  llierefore,  be  regarded  a«  a  bubble, 
bounded  inferiorly  by  the  liquid,  and  on  all  aides  by  the  walla  of 
the  vessel.  If  the  surface  of  the  liquid  were  perfectly  even,  the 
bubble  would  have  a  sharp  edge  where  the  fluid  and  the  walls  of 
the  vessel  came  in  contact,  which  would  immediately  be  rounded 
off  by  the  mutual  attraction  of  the  molecules  of  the  wall  and  the 
fluid;  as,  however,  the  molecules  of  the  vessel  are  solid,  the 
surface  of  the  hquid  must  necessarily  assume  a  concave  fornij  while 
the  molecules  of  the  liquid  ascend  the  sides  of  the  vessel.  In  the 
bubble,  however,  the  tension  of  the  abnormally  placed  molecules 
of  water  exercises  a  pressure  upon  the  enclosed  air  ;  and  then  the 
concave  surface  of  the  liquid  also  exercises  an  upward  pressure 
against  the  air  of  the  bubble.  A  drop  of  water  in  a  boriKontal 
cylindrical  glass  tube  will  form  a  cylinder  concave  at  both  ends, 
and  statiunar}',  owing  to  the  concavity  being  equal  at  both  ends. 
If  the  tube  be  conical,  the  one  concavity  must  necessarily  be  more 
fttrongly  curved  than  the  other,  and,  by  the  prcjion derating  tension 
of  the  stronger  curved  extremity,  the  water  wiU  be  drawn  towards 
Fio.  89.  the  narrower  part  of  the  tube  (Pig.  89). 

In  the  same  manner  we  may  easily 
explain,  by  the  action  of  concave  sur- 
faces, the  rising  of  water  in  a  tube  plunged  vertically  into  that 
liquid. 

If  a  hollow  glass  sphere  swim  on  water,  the  liquid  will  begin  at  a 
diatance  of  more  than  six  lines  to  rise  against  the  ball.  If  now  wc 
put  a  second  glass  sphere  into  the  water,  at  about  one  inch  from 
the  fonuer,  the  balls  will  begin  to  approach  each  other,  at  first 
slowly,  then  more  and  more  rapidly,  until  they  ftnally  strike  one 
another  (Pigs.  90  and  91).     If  both  balls  had   been   fixed,  the 


PIG.  90. 


no.  91. 


water  between  the  balls  would  have  risen,  in  consequence  of  its 
striWng  to  come  to  a  level ;  but,  as  they  are  moveable,  the 
adhering  water- surfaces  sinking  from  the  action  of  gravity 
must  draw  together  the  balls  between  which  they  were  inter- 
posed. 
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Elasticity  of  Li^uuiff.— Liquid  bodies  are  also  in  some  respects 
elastic,  for  they  allow  themselves  by  means  of  a  very  strong 
pressure  to  be  reduced  to  a  volume  somewhat  smaller  than  their 
original  mass,  and  resume  their  former  volume  on  the  removal  of 
the  pressure.  Oersted  first,  and  subsequently  CoUadon  and 
Stttrm  have  made  experiments  upon  the  compressibility  of  liquids, 
but  we  should  be  drawn  into  too  wide  a  digression  were  we  to 
enter  fully  into  a  description  of  what  they  have  done.  The 
pressure  of  one  atmosphere  (an  expression  that  we  will  explain  in 
the  proper  place)  compresses  mercury  to  about  three,  and  water  to 
about  forty-eight  millionth  parts  of  their  volume. 
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CHAPTER   V. 

OP    THE    EQUILIBRIUM    OT   OASES,    AND    OF    ATMOSPHERIC 

PRESSURE. 

Aia  i*  a  body  that  does  not  aet  immediately  upon  the  senses 
as  solid  and  liquid  budicfl,  but  manifests  itself  by  »o  many  pheno- 
mena upon  the  land,  and  over  the  waters  of  the  earth,  that  it  will 
be  unnecessary  to  seek  for  other  proofs  of  its  existence.  There  arc 
thunderstorms  in  every  elimate,  and  storms  on  every  sea ;  the  airj 
therefore,  cvt'n,'wlifre  surrounds  the  whole  globe  of  earth,  forming 
at  all  (wiiits  a  layer  of  girat  thickness ;  for  clouds  driven  by  the 
winds  pass  alike  over  plains  and  hills.  Above  the  clouds  we  see 
the  glorious  colour  i>f  the  sky,  evincing  the  height  of  the  air  as  the 
colour  of  the  ocean  does  the  depth  of  its  waters.  If  there  were  no 
air,  the  sky  would  be  without  colour  and  brightness,  appearing 
but  Bn  a  perfectly  black  vault,  in  which  the  stars  would  appear 
frith  the  same  splendour  by  day  as  by  night.  This  vast  mass  of 
air  spread  over  the  earth,  and  stretching  high  over  the  summits  of 
the  loftiest  mountains,  bears  the  name  of  the  atmosphere.  The 
highest  peak  of  the  Himalaya  scarcely  stretches  five  miles  above 
the  level  of  the  sea,  while  the  air  rises  to  a  height  at  least  six  or 
seven  times  loftier. 

The  chemical  discoveries  of  the  past  ccnturj'  have  taught  us  to 
know  many  bodies  possessing  the  same  physical  properties  as  the 
air,  although  very  different  in  their  nature.  They  were  termed 
nirtj  and  were  spoken  of  as  mephiiic,  combtistible,  and  fixed  airs. 
In  the  present  day,  they  are  called  ffoseSt  gaseous  bodies,  or  elastic 
fluids. 

Gases  arc,  like  liquid  bodies,  subject  to  two  different  forces, 
gravity  and  molecular  forces. 

At  a  very  remote  period,  even  before  the  time  of  Aristotle,  it 
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do  in  solid  and  liquid  bodies.  We  have  seen  that  these  forces 
hold  firmly  together  the  molecules  of  solid  bodies,  so  that  they 
cannot  change  their  respective  positions.  They  also  hold  together 
the  molecules  of  liquid  bodies,  hut  only  in  such  a  manner  as  to 
afibrd  them  more  freedom  in  displacing  each  other  in  all  directions. 
In  gaacs,  however,  molecidar  forces  act  repnlsivcly,  the  molecules 
of  gaseous  bodies  having  a  tendency  to  move  reciprocally  away 
from  each  other,  and  that  to  so  great  an  extent  that  nothing  but 
external  impediments  can  hinder  their  further  expansion.  The 
air  contained  iu  a  vessel  presses,  therefore,  continually  against  its 
sides. 

This  tendency  iu  air  to  expand  will  be  easily  shown  by  the 
following  experiment : — We  lay  under  the  receiver  of  the  air-pump 
an  animal  bladder  containing  but  httle  air,  and,  therefore,  wrinkled, 
having  its  opening  tightly  secured.  iVfter  a  few  strokes  of  the 
piston,  the  bladder  becomes  inflated,  and  at  la&t  is  tensely  stretched, 
att  if  air  had  been  violently  injected.  If  we  suffer  the  air  to  i*etum 
to  the  receiver,  the  bladder  will  again  shrivel  up.  The  air  enclosed 
in  the  bladder  has,  therefore,  really  a  leudency  to  expand,  hut 
meets  with  opposition  from  the  surrounding  air.  Instead  of  a 
bladder  we  might  have  placed  a  thin,  firmly-corked  glass  under 
the  receiver,  when  the  stoppei-  would  either  have  been  forced  out, 
or  the  glass  would  have  been  burst,  provided  the  cork  were  not 
too  firmly  placed,  or  the  glass  too  strong.  This  pressure  exercised 
by  the  air  upon  the  sides  of  the  enclosing  vessel  is  what  we  term 
its  elasticity i  power  of  tension ,  or  force  of  expansion, 

A  feather  only  manifests  elasticity'  if  we  con^press  it  ;  it  loses 
its  tension  as  soon  as  it  returns  to  its  original  condition.  But 
air  has  alwaj^s  au  expansive  force ;  it  cannot  be  said  to  have  any 
original  volume,  for  it  always  strives  to  occupy  a  larger  space.  If 
we  were  to  admit  one  litre  of  common  air  into  a  vacuum  of  several 
cubic  metres,  it  wouJd  distribute  itself  equally  throughout  the 
whole  space,  and  would  always  manifest  a  tendency  to  ex- 
pand, exercising,  consequently,  a  pressure  upon  the  enclosing 
wallts. 

The  construction  of  the  air-pump,  an  instrument  to  which  we 
have  already  repeatedly  allud^'d,  and  which  we  purpose  now 
describing  more  fully,  depends  upon  the  tendency  manifested  by 
the  air  of  occupying  as  large  a  space  as  possible.  If  the  air  had 
no  power  of  tension,  no  elasticity,  in   the  sense  we  have  ascribed 
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to  the  words,  it  could  not  distribute  itself  out  of  the  receiver  of 
the  air-puuip  j  without  ita  tendency  to  expand,  the  air  could  not 
escape  from  the  balloon,  even  if  we  removed  the  weight  of  air 
pressing  fnmi  without  upon  the  valve. 

It  follows,  from  the  expanaivc  force  of  gasesj  that  they  cannot 
be  hounded  by  a  free  even  surface,  as  ia  the  ca&e  with  fluida. 
Two  forces,  gravity  and  the  force  of  expansion,  act  upon  the  air 
of  our  atmosphere  and  couutei'poise  each  other.  By  gi'avity  the 
particlea  of  the  air  are  attracted  to  the  earth  :  this  force,  therefore, 
exercises  a  tendency  to  condense  the  air  upon  the  earth's  surface, 
which  is  counteracted  by  the  force  of  expansion.  The  atmosphere 
is,  therefore,  probably  limited,  as  the  expansive  force  dimiuislies  so 
much  at  a  certain  degree  of  rarefaction,  that  the  gi-avity  of  the 
particles  of  air  is  alone  sufficient  to  hinder  a  further  removal 
from  the  cai'th. 

pressure  of  the  Air. -^W  the  common  conditions  of  equilibrium 
be  satisfiod,  we  may  prove  by  direct  experiment  that  all  the  under 
layers  of  air  are  pressed  uiM)n  by  the  upper,  and  that  the  amount 
of  this  prebsure  varies  as  we  ascend  more  and  more  above  the 
level  of  the  sea. 

no.  M.  Let  us  place  a  glass  cylinder,  with  somewhat 

thick  sides,  upon  the  plate  of  the  air-pump,  and 
cover  the  vessel  with  a  bladder  tightly  stretched, 

I  ^^m      and  firmly  tied  over  the  tup.      The  bladder  suffers 

b  J^^      an   equal    pressure   on   both   sides,   and   foruis, 

JLL    -ii^^^L  therefore,   a   level   surface.      If^    now,   by   any 
*'*  means,  we   force  additional  air   into  the  cyluider, 

the  bladder  will  be  arched  outwards ;  but  if,  on  the  contrary,  we 
remove  any  of  the  air  from  the  cylinder,  the  external  pressure  of 
air  will  pre|>ondenite,  and  force  the  bladder  inwards.  The  latter 
may  easily  be  shown  by  means  of  the  air-puni]).  After  the  first 
few  strokes  of  the  piston,  the  bladder  will  already  be  cur\'ed  down- 
wards, and  the  more  we  exlmust  the  air  the  more  this  curvature 
increases.  If  wc  strike  the  bladder  with  any  sharp  body  when  it 
is  thus  stretched,  it  will  be  torn  in  a  thousand  pieces,  with  a  noise 
like  the  report  of  a  pistol.  This  sound  is  proiluced  by  the  air 
forcing  itself  in  ;  and  we  may  thus  form  some  idea  of  the  aukount 
of  the  jiressurc  of  air  resting  ujKjn  the  bladder. 

If  we  had  so  far  altered  the  experiment  as  to  have  placed  the 
bladder  in  an   oblique  ix)^ition,  or  made  the  pressure  of  air  act 
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firom  below,  we  should  liavc  obuiiiiecl  the  saue  result,  as  tlie  air 
presses  in  all  directions  iu  aii  equal  manner. 

Tliis  experiment  sppearB  very  striking,  when  we  think  that  the 
air  in  a  room  is  able  to  exercise  so  enormous  a  pressure.  Thia 
effect  cannot  arise  from  the  weight  of  a  column  of  air  resting  upon 
the  bladder,  and  stretching  from  thence  to  the  ceiling  of  the 
room,  for  even  a  column  of  water  of  this  height  could  not  produce 
such  a  result.  If  the  experiment  were  made  in  the  open  air,  the 
bladder  would  evidently  have  to  sustain  the  pressure  of  a  colunni 
of  au*  whose  height  is  equal  to  the  height  of  the  whole  atmus* 
phcre.  The  same  pressure  acts  in  a  room,  for  the  air  within  the 
room  is  acted  upon  by  the  whole  pressure  of  the  atmosplitre. 

Measurement  of  Atmospheric  Pressure, — ^As  the  air  surrounds 
the  whole  earth,  it  presses  upon  evcr}*thing  as  upon  the  bladdf  r, 
upon  the  land  as  upon  the  ocean.  If  we  plunge  one  end  of  « 
tube  into  a  vessel  filled  with  water,  the  fluid  will  rise  as  high 
within  the  tube  ns  without,  for  the  pressure  of  the  air  in  the  tube 
acts  precisely  the  same  upon  thr  level  of  the  fluid  as  without  the 
tnbc.  But  if  we  abstract  a  portion  of  the  air  from  the  tube,  the 
fluid  will  continue  to  rise  as  long  as  we  remove  the  air.  By  this 
exhaustion  the  air  within  the  tube  is  diminishetl,  while  the  external 
pressure  of  the  air  remains  the  same.  The  [)repouderaiiet:  of  the 
external  pressure  of  air  raises  the  fluid  within  the  tube,  until  the 
weight  of  this  raised  column  of  water  equipoises  the  pri'pondcrance. 
If  we  entirely  exhaust  the  air  in  the  interior  of  the  tube,  the 
water  must  nse  (provided  the  tube  be  high  enough),  until  the 
weight  of  the  raised  column  of  water  is  equal  to  the  weight  of  a 
column  of  air  of  the  same  base  reaching  to  the  Umits  of  the 
atmosphere.  In  this  manner  we  may  ascertain  the  weight  of  b 
column  of  air,  whatever  be  its  height. 

Wc  have  to  thank  the  mechanicians  of  Florence  for  the  Brst 
germ  of  the  discovery  of  this  important  law.  On  trj'ing  to  raise 
water  al>ovc  thirty-two  feet  in  a  suction  pipe,  they  found  to  their 
great  surprise  that  the  fluid  would  not  rise  beyond  that  altitude. 
The  rising  of  a  fluid  was  explained  at  the  time  by  saying  that 
Nature  abhors  a  vacuum ;  but  this  reason  did  not  satisfy  Galileo, 
who,  on  hearing  of  the  observations  made  by  the  pump-makers, 
at  once  came  to  the  conviction  that  the  gravity  of  the  air  was  the 
true  cause  of  the  phenomenon.  His  pupil,  TorriccUi,  gave  con- 
vincing proofs  of  the  truth  of  this  conjecture,  and  arrived  at  nearly 
the  following  results.     In  order  that  two  different  columns  of 
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removing  nil  particles  uf  air,  uTid  niui»ture  adhering;  to  the  sides 
of  the  glasA.  This  process  is  one  requiring  uiuch  practice  and 
skill.  Wc  may  detect  the  presence  of  a  particle  of  air  m  the 
TorrieelUan  vacuum  by  the  space  not  becoming  entirely  filled 
with  mercury  on  inverting  the  tube,  a  little  b\ibble  of  air  remaining 
iu  that  case  at  the  top  of  the  tube.  The  larger  the  voKimc  of 
the  empty  space,  the  less  importance  is  to  be  attached  to  the  defect. 

Finally,  the  mercury  must  Im;  perfectly  pure,  and  the  bore  of 
the  tube  not  too  small.  If  the  tube  be  tmi  narrfiw,  tht;  adhesion 
and  the  friction  of  the  mercury  exercise  so  imjwrtant  an  effect 
upon  the  sides  of  the  glass,  that  the  c*oluuui  of  mercury  often 
remains  standing  higher  or  hiwer  than  it  ought  according  to  the 
height  of  the  pressure  of  the  air.  If  in  such  cases  we  strike  the 
barometer,  we  may  see  the  column  of  mercury  instantly  rise  or 
fall,  according  to  its  previous  position,  as  the  hindrance  to  the 
motion  has  been  overcome  by  the  blow. 

Of  the  Buctuationa  of  the  barometer  dependent  upon  the 
changes  of  the  weather  we  will  speak  further. 

Amount  of  Atmospheric  Pressure. — AVc  have  already  mentioned 
what  must  be  the  amount  of  pressure  of  air  cori-es ponding  to 
7C0  millimctrcs  of  the  barometer.  In  the  same  manner  the 
amount  of  atmospheric  pressure  may  be  reckoned  at  every  height 
of  the  barometer.     The  results  arc  given  in  the  following  table  :— 


Height  of  the 

Frtmire  u|K)n 

Height  of  the 

Prciaure  upon 

Culuuiii  l>f 

One  StiuuT 

Coliuon  of 

One  Square 

Mercurj. 

Metre. 

Mercury. 

Metre. 

MitUmctre». 

kUlogramnies. 

Miliiiuvtres. 

Kiiognumnet. 

500 

6793 

650 

8381 

510 

6929 

600 

S967 

620 

7065 

670 

9105 

530 

7201 

680 

9238 

540 

7336 

mo 

9374 

650 

7472 

7(KJ 

9510 

660 

7608 

710 

9646 

570 

774* 

720 

9782 

580 

7880 

730 

9918 

590 

8016 

710 

10054 

600 

8152 

750 

10189 

610 

8287 

760 

10330 

620 

8423 

770 

10461 

630 

8559 

780 

10597 

640 

8695 

790 

10733 
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The  surface  of  tlic  htiuian  lindy  nieasiir(?s  alioiit  1  iiquarc  metre; 
we  see,  thctvforcj  iVoni  tlicst*  calculations  tliu  ctuM-rnous  j>rcssurc 
ve  constantly  have  to  sustaioj  and  yet  we  do  not  feci  it,  owing 
Lto  ita  acting  uniformly  on  all  aides,  and  becatisc  the  air  witliin 
Four  bodies  i>erf«ctly  equipoise*  the  external  pressure.  On  the  sniiiuiit 
of  AJovmt  d'Or,  the  barometric  column  is  only  600  millimetres; 
a  weight  of  2,173  kilogi-ammcs  iB,  therefore,  gradually  removed 
ft*om  the  traveller  as  he  ascends  higher  and  higher  np  tlic  innuntain, 
and  still  more  on  reaching  the  summit  of  Mnunt  Etna  or  Lebanon. 
The  diminished  pressure  of  the  air  at  higher  elevations  prodticcs 
the  most  peciiJifir  effects  upon  the  human  body,  which  is  not  made 
to  endure  so  rarefied  a  state  of  the  atmosphere.  Even  persons  in 
good  health  experience  la.ssitnde,  indisposition,  and  oppression. 

Pwnps. — A  number  of  phenomena,  of  which  we  are  daily 
witnesses,  admit  of  being  explained  by  the  pre)=sure  of  the  air. 
if  we  suck  the  iqtpcr  end  of  a  tube  immersed  in  water,  the  liquid  will 
rise  in  the  interior  of  the  tube,  owing  to  the  air  iu  the  upper  jtart  being 
raretied  by  the  action  of  slicking,  and  the  pressure  of  air  acting  on 
the  exttmal  level  of  the  water  forcing  the  liquid  into  the  tube.  We 
may  produce  a  similar  rising  of  the  water  by  inscrtiug  a  piston  in  the 
interior  of  the  tube,  by  the  working  of  which  the  air  will  be  likewise 
rarefied.  Upon  this  principle  depends  the  construction  of  pumps. 
The  Suction  Pump  consists  of  a  suction  or 
feeding  pipe  n  (Fig.  98),  n  cylinder  A,  a 
piston  ;/,  an  upper  j)ipi;  *,  and  three  valves  r, 
tf  and  /,  opening  upwards.  The  valve  r  is  at 
the  bottom  of  the  cylinder,  /  is  in   the  pistr)n, 

1~^^^^^^J^  and  /  in  the  lower  end  of  the  up|>er  piiH*. 
^^P^BH  The  suetiou-pipe  plunges  into  the  water  wu 
wish  to  raise,  and  the  piston-rod  moves  air- 
tight through  the  box  e.  When,  on  the  Hrst 
movement,  the  piston  is  raised,  /  closes,  but 
r  and  /  luv  open  ;  /  owing  to  the  condensation 
of  air  above  the  piston,  and  r  owing  to  its 
rarefaction  below  the  piston.  As  the  ju'cssim; 
of  air  in  the  auction-pipe  diminishes,  the  water 
rises  in  consequence  of  the  preixmderauec  of 
the  external  pressure.  The  lower  valve  ch)sca 
as  the  piston  descends.  Tlie  air  in  the  cy- 
linder below  the  piston  is  compressed,  and,  opening  the  valve  /, 
^pBBaes  through  the  piston  into  the  upper  part  of  the  cylinder. 
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On  the  scooTid  rlrvatitm  of  thr  piston,  the  wnier  nf^ii"  ««rcn<Ts 
higher  in  the  snction-pii>c,  while  a  quantity  ()f  uir  ia  again  cxpeHeU 
through  the  valve  I.  At  last,  after  a  certain  number  of  strokes  of 
the  piston,  the  water  a-^ccnds  alwve  the  valve  r  anil  lifts  up  the 
valve  t.  Then,  all  the  air  being;  expelled  from  the  pump,  every 
valve  is  raised  by  the  water  alone.  Every  time  the  piston  deseends, 
a  quantity  of  water  passes  thronph  the  valve  /,  and  at  each  stnjke 
B  fresh  supply  ia  raised  into  the  upper  pipe  and  the  siiction-pipc. 
The  force  expended  in  raising  the  piston  is  partly  lost  in  overcoming 
the  friction,  and  in  counteracting  the  pressure  of  a  column  of  water 
whose  base  is  equal  to  the  surface  of  the  piston,  and  whose  height  is 
equal  to  the  vertical  distance  between  the  orifice  at  which  the  water 
escapes,  from  the  upper  tube  over  the  level  of  the  liquid^  into  which 
the  suction-pi|>e  is  immerBcd.  To  make  a  pump  tflicient,  the  water 
must  be  able  to  reach  tliu  tirst  vidve  r.  The  jiosition  of  this  valve 
depends  upon  the  degree  of  rarefaction  which  can  be  produced 
between  the  valves  /  and  r.  If  there  were  no  space  between  r  and 
/  at  the  lowest  ]>osition  of  the  piston,  an  absolute  r/icuum  miirht  l>c 
produced  between  these  two  valves,  and  the  valve  r-  should  be  placed 
thirty-two  feel  above  the  level  of  the  water  of  the  reservoir.  But,  as 
it  is  im|>os«ible  entirely  to  avoid  interstices  occurring  below  the  piston, 
the  valve  r  must  not  be  elevated  quite  thirty-two  feet  above  the  level 
of  the  reservoir.  Care  must,  however,  \h'  taken  to  make  the  space  as 
small  as  possible  in  comparison  with  the  contents  of  the  cylinder. 
If,  for  example,  the  space  occupied  one  half  of  the  contents  of  the 
cylinder  (exci^rting  that  filled  by  the  piston),  wc  could  only  rarefy 
the  air  bt'twcen  r  and  /  to  half  the  pressure  of  the  atmospheric  air, 
and  consequently  the  valve  r  should  not  be  elevated  more  than 
sixteen  feet  above  the  level  of  the  water  in  the  reservoir. 

TTfttf  Suetumand  Forcing  Pump  (Fig.  U9)  consists  of  a  suction- 
pipe  rt,  an  upper  pipe  «,  a  cylinder  c,  and  a 
heavy  piston  p ;  it  has  only  two  valves,  r  and  /. 
On  raising  the  piston,  the  water  forccM  itself 
through  the  valve  r ;  on  lowering  the  piston,  n  is 
closed,  and  the  water  raised  uj)  is  forced  through  /. 
The  Syphon. — If  wc  fill  a  drinking  glass 
having  a  smooth  edge  (cut  glass  is  the  best)  with 
water,  cover  it  «ith  a  paper,  and  invert  it,  the 
water  will  not  mn  out,  the  pressure  of  the  air 
acting  on  the  under  surface  of  the  paper,  and 
thus  hindering   the  escape  of  the   liquid.     The 
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paper  is  only  so  far  nccciwary  as  to  eiinble  tis  to  invert  the  ^\iu», 

lAA     «"J  prevent  the  water  fn)m   ninning  out  at  the  sides, 
fitt.  100,  *  °  ' 

ami  air-bubbles  entering  the  vessel.  AV^ien  the  lower 
opening;  is  so  small  as  to  leave  no  fear  uf  the  liquid  thus 
running  out,  as  is  the  cmie  with  the  form  of  syphon 
depicted  in  Pig.  100,  the  paper  is  unneeessary.  This 
syphon  is  u  comiuou  tubular  vessel,  contttrietcd  above 
and  below,  and  open  at  both  cxtremitiw.  If  we  plunge 
it  entirely  into  a  liquid  when  both  orifices  arc  open,  it 
will  be  entirely  filled,  »ud^  placing  the  thumb  over 
one  opening,  we  may  lift  the  syphon  up  without  any 
of  the  fluid  contained  in  it  escaping. 

The  common  stjpfutn  (Fig.  101)  i«  u  curved  tube, 
h  9  A',  whose  legs  arc  of  unequal 
length.  If  the  shorter  leg  be  plunged 
into  a  liquid,  and  the  whole  tube  (illed, 
the  liquid  will  continue  to  run  out  at 
A,  the  end  of  the  Itmger  leg  lying 
lower  than  b ;  we  may,  therefore, 
easily  empty  a  vessel  by  means  of  a 
syphon.  The  action  of  the  syphou 
admits  of  a  ready  explanation.  On 
^  ^  the  one  side  the  column  of  water 
»  h',  and  on  the  othci'  the  column  of  wnter  from  s  in  the  level  of 
the  Uquid  in  the  vessel  have  a  tendency  to  fall,  owing  to  their 
gravity. 

The  gravity  of  the  two  columns  «>f  wnter  in  the  different 
legs  is,  however,  opposed  on  both  sideii  by  the  pressure  of  air 
acting  on  the  one  side  on  the  a|x:rturc  b',  but  on  the  other  on  tlie 
surface  of  the  water  in  the  vessel,  and  thus  hindering  the  ffimiatiou 
of  u  vacuum  in  the  interior  of  the  tube,  which  would  ncccsjMU'ily 
be  formed  at  s  if  the  columns  of  water  ran  down  on  both 
sides. 

As  the  pressure  of  air  acts  alike  strongly  on  both  sides,  equili- 
brium would  be  cstahtiahcd  if  the  columns  of  water  were  equally 
high  in  the  two  legs  ;  that  is,  if  the  opening  A'  were  at  the  elevation 
of  the  level  of  the  water  in  the  vessel ;  as  soon,  however,  as  b*  lies 
deeper,  the  column  in  the  leg  9  b*  preponderates,  and,  in  propor- 
tion as  the  water  escapes  there,  water  is  again  forced  into  the  tube 
on  the  other  side  by  the  pressure  of  the  air,  so  that  the  liquid 
continues  to  escape  until  the   level  of  the  w«tcr  in  the  vcasel   has 
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fallen  to  the  Height  of  the  opening  i',  or  the  o])ening  at  h  has  been 
set  free. 

A  suction-tube,  a  t  (Fig.  102),  is  soraetiiuea 
attached  to  the  sj^hon  to  make  it  more  useful  and 
efficient.  \Vc  liU  a  common  syjihon  by  sucking 
at  b' ;  as  this  process,  howex-er,  is  objectionable, 
owing  to  the  difficulty  of  preventing  the  tiuid 
from  entering  the  mouth,  which  might  be  ver)' 
dangerous  iu  some  cases,  as,  for  instance,  in 
em[>tying  a  vessel  of  sulphuric  acid,  a  suction- 
lube  is  iudi8[>ensab1y  necessary,  as,  by  means  of 
this,  we  may  Hil  the  whole  leg  s  b'  by  sucking  at 
i,  without  the  fluid  entering  the  mouth,  if  we 
close  the  tube  at  b*.  The  escape  of  the  tliud  hugins  as  soon  as  we 
again  open  the  end  b'  of  the  tuhe. 

Mariotte's  Law.  The  volume  of  gases  is  inversely  proportional 
to  the  pressure  to  which  thetj  are  subjected. — T(i  prove  this  funda- 
mental law  by  ex[)erimeut,  wc  take  u  curved  cylindrical  tube 
whose  shorter  leg  is  closed  above,  while  the  longer  one  R-mains 
open. 

At   first    wc  pour  a  httle   mercury   into   the  tube, 

and  then   incUne   it  a  little  that  the  air  may  escape 

from  the  shorter  leg.     By  this  means  we  can   easily 

contrive  that  the  mercury  shall  stand  equally  high  in 

both  legs.     Then  the  air  enclosed  in  the  space  a  b 

(Fig.  103)  is  exactly  counter|)oi8ed  by  the  pressure  of 

Ij   f      ;       the  atmosphere.     If  we  again  pour  mercury  into  the 

A  F      ii       oj)cn  leg,  the  pressure  to  be  sustained  by  the  enclosed 

Kir  is  increa.sed,  and  the  latter  is  compressed  withiu  a 

smaller  space.     If  the  mercurj'  rise  in  the  shorter  leg 

to  the  point  w,  half  way  between  a  and  i,  the  air  will 

he  compressed  to  the  half  of  ita  former  volume;  if  now 

we  mark  on  the  longer  leg  the  point  n  at  an  equal 

height  with  m,  and  measure  how   liigh   the   mercury 

has  risen  above  n  in  the  longer  leg,  wc  shall  find  that 

the  height  of  the  column  of  raercur)' «  n  is  exactly  etpial 

t4i  the  height  of  the  banjmeter;  the  air  enclosed  m 

b  m   has,  therefore,   to  support   the  pressure  of  two 

>■    >-^--l     ntmospheres.     If  the  open  leg  of  this  apparatus  were 

'*'"'""'"""'" """'"   long  emmgh,  we  might  show  in  the  same  manner  that 

a   prcMurc  of  three  or   four   atniospherea    would    eompn'ss   the 
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enclosed  air  to  one  third  or  one  fourth  of  its  original  volume. 
Arugo  and  Duloug  have  shown  that  for  atmoRphoric  air  this  law 
docs  not  vaiy  in  its  application  at  least  up  to  a  pressure  of 
twenty-seven  atmospheres. 

Hy  this  experiment  the  correctness  of  Mariotte's  law  is  proved 
from  the  pressure  of  one  atmosphere  to  the  pressure  of  twenty- 
sevcn  atmospheres  ;  while  for  n  pre:?sure  of  less  than  one  atmosphere 
we  may  couiinn  the  principle  by  the  help  of  the  apparatus  about 
to  be  described  (Pig.  104).  A  somewhat  wide  glass  tube, 
terminating  above  in  a  wider  vessel,  and  closed  below,  is  so 
rw.  104.  placed  in  a  frame  as  to  stand  verticaUy.  It  is  tilled 
Ij  with  mercury  to  about  the  line  c  n.     We  now  ^l  a 

barometer- tube  (as  in  tlie  Torricellian  experiment 
before  described)  with  mercui-y,  lca\'iug,  however,  a 
«])ace  of  three  to  five  centimetres  empty.  If  we  now 
close  the  aperture  with  the  finger,  and  invert  it,  the 
air-hubblc  will  ascend  into  the  upper  part  of  the 
tube. 

If,  now,  as  in  the  TonicelUan  experiment,  the  lower 
end  of  the  tube  enters  the  mercury  of  the  vessel  c  n, 
and  we  remove  the  Jinger  from  the  tube,  the  column 
of  mercury  in  the  barometer-tube  will  fall  to  a  certain 
point.  But  we  shall  immediately  ob8er\e  that  the 
summit  of  the  column  of  mercury  does  not  staud  so 
high  above  c  n  as  the  barometric  height  measures, 
because  there  is  air  in  the  upper  part  of  the  tube,  and 
no  vaatum  as  in  the  barometer. 

If  we  press  dowu  the  tube  uutil  it  reaches  further 
and  further  into  the  mercury  of  the  wide  tube,  the 
volume  of  the  enclosed  air  will  become  smaller.  We 
now  press  the  tube  so  far  down  that  the  mercury  in  the 
tube  stands  exactly  at  the  height  of  the  level  of  the 
u  mercury  c  n.  In  this  case  the  enclosed  air  is  submitted 
exactly  to  the  pressure  of  oue  atmosphere. 

The  height  of  the  enclosed  columu  of  air  exposed  to  the  pressure 
of  one  atmosphere  is  now  measured :  it  amounts  to  five  centi- 
metres. 

If  we  again  draw  up  the  tube  the  voluuic  of  air  increases,  but 
at  the  same  time  the  top  of  the  mercury  rises  above  the  level  c  n. 
Provided  we  draw  the  tube  so  far  up  that  the  enclosed  air  occupies 
a  length  of  ten  centimetres  in  the  tube,  the  height  of  the  tup  of 
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tlie  mercury  ahovc  the  level  c  n  will  bt-  cxnclly  half  uf  the  lieight  of 
the  baronicttT  obsiTvccl  iit  the  iiioiiient.  For  instance,  if  the 
barometer  stand  at  7G()  lailUuietres,  the  tnp  of  the  mercury  will 
be  exactly  380  inilliinftres  above  r  n. 

The  half  of  the  atmospheric  prcHBiire  is*,  thcrefikre,  counterbalanced 
by  the  column  of  mercury  under  the  encloseil  air,  and  the  pressure 
which  the  latter  has  to  Ruatain  is  only  equal  to  the  pressure  of  half 
the  atmosphere ;  its  volume,  however,  is  twici?  as  large  aa  it  web 
when  supporting  the  pre«»ure  of  one  Btniosphcre.  If,  now,  we 
raise  the  tulx'  so  far  that  the  enclosed  air  occupies  a  length  of 
til\cen  centimetres,  so  that  its  volume  is  three  times  greater  than 
it  was,  the  height  of  the  ctdumn  of  mercury  in  the  tube  amounts 
to  two  thirds  of  the  baromctnc  height :  the  enclosed  air  has, 
therefore,  only  a  pressure  of  one  third  of  an  atmosphere  to  sustain. 

Measurement  uf  heitjhts  hy  Ifte  Barometer. — If  tlie  air  were  notnn 
elahtic  Huid,  but  were  like  water,  it  would  l>e  extremely  easy  to 
compute  heights  by  the  barometer.  At  the  level  of  the  sea,  the 
barometer  stands  at  700""",  as  soon  as  wc  ascend  11,5  metres,  the 
barometer  falls  to  ToD""";  a  column  of  air  of  11,5  metres  in 
height  will,  therefore,  equipoise  a  column  of  mercury  4if  l"""'  in 
height. 

From  this  wc  may  calculate  the  density  of  the  air,  for  it  is  to 
that  of  mercury  as  1'""  is  to  1 1,5""   or  as   1   to  11500,  that  is  the 

density  of  the  air  is      rot^^  "*^  *^*'  **^  mercurj*.     The  density  of 

13  fi 
the  au*,  is,  therefore,  ^tttwo"'"  nt'arly  0,0012  that  of  water,  since 

water  is  13,6  times  lighter  than  mercur)'.  If  now  the  air  were 
like  water,  the  density  of  the  strata  of  nir  lying  above  us  would  be 
equally  great,  and  we  should  then  only  have  to  ascend  1 1,5  metres 
to  have  the  ban.»meter  again  to  fall  1"""  ;  and  if  by  continued  ascent, 
the  barometer  had  fallen  n  iniHimcta's,  we  should  then  have  attained 
a  height  tix  11,5  metres.  Hut  the  air  is  elastic,  the  smaller  the 
pressure  weighing  upon  it,  the  less  will  be  its  density  ;  consc- 
(pieotly  the  higher  we  ascend,  the  more  rarefied  is  the  air. 

Tlie  law  by  which  the  density  of  the  air  diminishes  by  constant 
jweeiit,  mid  the  relations  existing  betweeu  the  heiglit  of  the 
baronuftcr  and  elevations  above  the  soil  can  be  developed  by 
Miu-iatie*s  taw. 

S»ip|mse  the  barometer  to  stand  at  700"""  at  any  gi%en  spot, 
If  we  aaccnd  1 1,5  nietreo,  the  barometer  wUl  fall   to  759"",  or 
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what  is  the  uauie  thinj;  760^^^.    Without   any  serious  error,   we 

may  assume  that  the  whole  layer  of  air  every  where  at  a  height 
of  1 1,5  iiu'tre,  is  of  equal  density  with  that  at  the  level  of  the  sea. 
In  Fig,  ]05,  d  ifl  a  point  on  the  earth'a  Hurfaee,  6  is  a  ]K)int 
lying  lljS"  higher,  and  each  one  of  the  several  points  c^ 
no.  106.  rf>  ^)  Sec,  is  11,5""  above  the  lower  one.  As 
the  density  of  the  air  is  proportionate  to  its  pres- 
sure, the  hiyer  A  c  is  tesa  dense  than  the  layer  a 
b,  and  the  densities  uf  these  layers  will  be  as  the 
height  of  the  barometer  at  a  and  b,  that  is  the 

A  -  ■  760^  7(^0  j     density  of  the  layer  A  c  is  -^  of  the   density  of 

V    ■  7eo(j^)''  the  layer  a  A. 

/759\s       ^^  "•**  ^'^  ascend  from  6  to  c,  the  barometer 

^'^"''  does  uot  fall  so  much  as  1™,  but  only  ~     .  The 

\70«/  height  at  which  tlie  barometer  stands,  is,  there- 

c/   ■  760(.--)  fore,  7(^  ^     -^  -760   =   '^nrJ- 

r   ■  760/^?^y  I"  this  manner   we  may  further  conclude  that 
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the  densities  of  the  layers  b  c  and  c  d  arc  as  the 


A  ..  7G0f '■*  y   heights  of  the  barometer  b  and  Cj  and  that  conse- 

759 

«  1  760  ijucntly  the  layer  c  rf  is  ^^  times  lighter  than  the 

layer    b    c.      IF,    therefore,    the    layer    b    c    could    support    a 
column  of  merairy  of  ~rr-     ,  the  layer  c  d  can  only  bear  a  column 

of  ^>A  **  ^/i  =  (.iisft)  nulhmctres;  and  if  wc  rise  from  c  to  rf, 
700     760       ^/oO/ 

(759\ - 
=^j    millimetres.       At  rf,  likewise,  the 

height  of  the  barometer  is  760  (^^q)  —  (760)  ~  '^^  (760)* 

It  will  easily  be  understood  that  formulic  may  be  constructed 
from  these  considerationB  by  the  aid  of  which  the  difference  of 
height  of  two  places  may  be  computed,  if  the  height  of  the 
barometer  be  accurately  measured  at  both  places. 

Thfi  Air  Pump  niu«t  bf  ranked  amongst  the  most  indispensable 
and  imporlant   inslniments  of  the  Natural  l^biiosophcr,   and  has 
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undcrgouc  many  alterations  and  iinprovcnicnts  since  its  invcntUin 
by  Oiio  run  Gueficke.  Wc  will  riuw  considtT  it  in  its  most  8iiM|tk' 
form,  in  the  Mnialt  air  pumps  which  ni'c  at  present  used  in  all 
chuniicid  laboraturtes. 

W<?  must  suppose  a  hollow  cyUnder,  perfectly  closed  below,  and 
ba\iu^  a  piston  c  closely  titting  to  the  bottom.  If  now  the  piston 
be  forcibly  drawn  up,  a  vacuum  in  formed  below  it,  provided 
^■i«j.  106.  the  friction  be  ail*  tight  against  the  sides  of  the 
cylinder.  Nothing,  however,  can  be  done  by  means 
of  this  vacuum  since  wc  can  neither  itce  into  it 
nor  put  anytliing  within.  But  if  a  canal  h'nd 
from  the  lower  part  of  the  cylinder  into  a  sphere, 
a  balloon  e,  for  instance,  which  although  tilled 
witli  air  is  fully  closed  against  the  external  atmos- 
jihere,  a  portion  of  the  air  in  e  will  enter  the  cylinder, 
owing  to  ita  elasticity,  on  lifting  up  the  piston,  and  a 
rarefaction  of  the  air  in  e  will  consequently  follow. 
In  order,  however,  that  the  air  may  not  return  into 
e  on  the  di^acent  of  the  piston,  a  cock  s  is  attached  by  means 
of  which  the  communication  between  c  and  (he  cylinder  may 
be  interrupted,  or  ugain  restored  at  will.  This  cock  s  is  closed 
as  eoou  as  the  piston  cornea  over  it.  If  we  now  press  down 
the  pinton,  the  air  in  the  cylinder  will  only  be  comprrsficd,  if  we 
ittlord  it  no  means  of  escape;  this,  however,  it  will  have,  if  wc 
open  a  second  cock  t.  When  the  piston  is  at  the  bottom,  i  ia 
again  elosi^d,  and  a  opened,  while  another  drawing  up  of  the 
p»t«n  proiluces  another  rarefaction  in  e.  By  frequent  re|>eti- 
tion  of  this  operation,  we  may  obtain  a  considerable  rarefac- 
tion  at  e. 
Fio.  107.  The  apparatus  in  this  form  is,  however,  inconvc- 

Inicut  on  manv  accounts.  In  the  first  place,  the  con- 
tinual  opening  and  shutting  of  the  two  cocks  w 
extremely  troublesome.  But  for  the  cock  /  we  may 
substitute  a  valve  which  clo.se*^  on  the  elevation,  and 
no.  108.  o|)en8on  the  depression  of  the  pistr>n.  The  lower  part 
k  of  (he  piston  consists  of  a  brass  plate  with  a  screw 

I  sert'wed  into  a  piece  of  brass  c  c.     The  screw  is  pei*fo- 

^^^^^      rated  along  its  length,  and  a  piece  of  silk  r  bound 
^^^^^^  over  the  o|>cuing  o.     In   the  piece  of  brass  to  which 
^^^^^U   the  Ncrew   iit  fixed,  there  is  an  oi>eiiing  b.     On  the 
•  elevation  of  the  piston,  the  air  m  the  upper  j>art  of 
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the  cylinder  forces  itself  tlnxjiij^h  the  opening  b  in  the  silk,  and 
presses  it  ti(;htly  upon  the  opening  u ;  the  piston  acta,  tlicrefore, 
on  rising  exaetly  us  if  it  were  solid :  the  air  passes  from  the 
Rpaci!  e  throu<;h  the  open  cock  8  into  the  lower  part  of  the 
cylinder ;  but  if  after  the  cock  s  is  closed^  the  piston  be  again 
prcftsed  down,  the  air  in  the  under  part  of  the  cylinder  will  be 
compressed,  and  raising  the  valve  r,  will  escape  through  the 
opening  h  into  the  upper  port  of  the  cylinder. 

The  piece  of  brass  c  is  inserted  into  a  cork  bound  round  with 
fine  leather.  This  leather  is  pressed  against  the  sides  of  the 
cylinder  by  the  elasticity  of  the  cork. 

Tlie  e(»ck  s  may  also  be  dispensed  with,  if  a  second  valve  be 

applied  to  the  part  where  the  canal  openH  into  the  cylinder.    ITiia 

valve  opens  on  drawing  up  the  piston,  and  closes  with  its  descent. 

The  accompanying  figure  shows  a  very  useful  little  air  pump,  oue 

no,  in9.  third  of  the  natural   size.     It  has  been 

constructed  in  accordance  with  the  plan 

of  Gay  LuRsac.     The  canal  goes  verti- 

cally  down   from  the  lower  end  of  the 

cylinder  into  a  canal  a  h  running  hdH- 

zoiitally.      The   cork    at    d    should   be 

closed,  and  the  receiver  frf)m  which  the 

air  is  to  be  exhausted,  screwed  ou  at  a ; 

then  on  raising  the  piston,  a  portion  of 

the  air  will  pass  tirst  through  the  hori- 

xontal,  and  then   through    the  vertical 

canal  into  the  cylinder,  and  on  pressing 

down  the  piston,  will  escape  through  its 

valve.     To  adiuit  the  air  again  into  the 

receiver,  nothing  more  ia  necessary  than 

to  open  the  cock  at  d. 

By  means  of  the  screw  f,  the  air  pump 
may  be  screwed  on  to  a  table,  or  to  a 
board  secured  to  a  table,  and  will  thus 
remain  fixed  while  being  used. 

We  designate  by  the  term  reeeiverj  the 
space  from  which  the  air  is  to  be  exhausted.  The  best  form  for 
receivers  of  air  pumps,  designed  for  general  experiments,  is  a  bell 
made  of  glass,  the  under  and  somewhat  broader  edge  of  which 
must  be  made  perfectly  smooth  and  polished,  so  that  it  may  fit 
into  a  smoothly  cut  plate  with  such  exactitude  aa  to  prevent  the 
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entrance  of  any  air  Iclwcfii  the  two.  A  perfect  exclusion  can, 
however,  only  be  effeetcil  by  rubbing  the  edge  of  the  bell  with 
tnllow  before  placinp  it   upou  the  jikte.     In  Fig.   110  we  see  a 

receiver  of  this  kind 
in  conjunrtion  with 
a  httle  air  pump. 
From  tlie  iiiidiUe  of 
tlic  plate,  a  camd 
goes  vertically  down 
and  then  paHsc»  fur- 
ther on  through  a 
short  horizontal 

tube.  At  the  end 
of  this  short  hori- 
zontal piece  of  tube, 
a  glass  tube  is  at- 
tached  by  means 
of  an  india-rubber 
tube,  and  is  secured 
in  a  similar  manner 
to  the  air  pump  on  the  opposite  Bide.  The  degree  of  rarefaction 
that  can  be  obtaiued  by  pumping,  may  be  measured  by  what  is 
termed  the  barometric  test.  This  is  applied  to  the  smaller  air 
pumps  in  the  manner  shown  at  Fig.  110.  A  glass  tube  of  about 
thirty  incites  in  length  is  immcrBed  at  its  lower  end  iuto  a  vessel 
full  of  mercury. 

Above  il  is  curved^  and  secured  to  the  pump  by  means  of 
a  short  but  wider  piece  of  tube.  If  the  cock  d  be  opened, 
the  mercury  wiU  ascend  in  the  tube  in  proportion  as  the  rare- 
faction is  ctmtinued.  If  it  were  possible  to  create  a  perfect 
vacuum  by  means  of  the  air  pump,  the  column  of  mercury 
raised  in  the  tube  e,  would  be  equal  to  the  height  of  the  bariK 
meter. 

With  a  well  constructed  apparatus  of  this  kind,  we  may  make 
most  of  the  experiments  of  the  air  pump,  with  the  exception 
perhaps  of  »omc  few,  requiring  \CTy  large  receivers,  or  a  very 
rapid  and  complete  exhaustion.  On  this  account,  air  pumps  of 
this  kind  arc  to  be  recommended  for  all  popular  institutions]  not 
possessing  the  funds  necessary  to  obtain  the  most  highly  finished 
apparatus,  vix.  when  tbcy  are  made  four,  five,  or  six  times  larger 
than  the  one  represented  m  Fig.  lOD. 
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Lartrcr  air  putnps  uf  various  forms  havi;  bi*en  conatructcd,  hut 
all  ari:  bused  njwii  the  same  priiiciplea  as  the  ones  above  described. 
We  will  consider  uiure  attentively  one  of  llie  best  iii'ran}<;ed  of  these 
a|)piiratU3. 

lu  a  cylinder  a  which  must  be  perfectly  well  finished,  the  piston 
no.  111.  ff  moves  by  means  of  the 

rod  c,  which  must  be 
perfectly  air-tijiht,  no  air 
bein^  able  to  escape  be- 
tween the  piBton  and  the 
cylinder. 

In  the  piston  there  is 
a  valve  v,  which  must 
niove  easily  and  ojieti 
upwards.  It  rises  when 
I  he  pressure  fn)m  Ik'Iow 
is  greater  than  from 
I'  above,  but  otherwise  rc- 
mains  hermetically  closed. 
The  rod  e  d  in  the  va\\c 
for  the  cylinder.  If  the  piston  be  raised,  the  whole  rod  is  lifted 
up,  but  d  soon  Htrikes  tJie  up]n:r  plate  of  the  cj'Iindcr,  aud  the 
[tistou  moves  with  sonic  friction  ulunj^  the  whole  rod.  As  soon  as 
the  piston  descends,  the  tnincated  cone  e  is  pressed  into  the 
conicid  0|>i'ning  Ix^low  it,  so  that  the  upper  surface  of  the  cone  e, 
and  the  bottom  of  the  cylinder  form  a  plane  surface,  and  the 
piston  may,  therefore,  rest  j»crfectly  on  this  bottom. 

From  the  aljovc  mentioned  conical  opening,  n  canal  goes  on  to 
r.  Here  there  is  a  screw,  to  which  may  be  attached  the  balloons 
ur  receivers  that  an*  to  Ix*  exhausted. 

The  screw  v  is  in  the  middle  of  a  plate  p,  on  which  the  bell  h 
may  be  placed.  Let  us  assume  that  the  piston  is  on  the  lower 
plate  of  the  cylinder.  If  then  it  be  raised,  a  racuum  will  be 
formed,  provided  all  the  valves  remain  shut ;  but  the  valve  e  is 
opened,  and  the  air  from  the  Ixill  pasH«s  partly  over  to  the 
cylinder. 

But  by  this  means,  the  air  in  the  bell  and  in  the  canal 
of  the  bell  is  rarefied,  consequently  the  valve  s  in  the  piston  must 
remain  closed.  On  the  descent  of  tlu-  ]>i8ton  the  valve  at  c  is  shut, 
and  all  postto^e  closetl  for  the  return  of  the  air  firmi  the  cylinder 
into  the  bell.     The  air  thus  shut  in  will  escape  through  the  valve 
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iho  polished  glasR  vd^  I»y  iKrinir  nililKtl  with  ful.  Thi*(inph 
the  middle  of  this  plate,  there  passes  nn  uir-tij^ht  metal  ctmr, 
(almost  like  a  cock)  that  may  be  turned  at  will.  Two  horizon- 
tally secured  rods  s  i*cvolve  with  this  metal  cone. 

On  each  of  the  rods,  there  is  a  little  tnetal  plate  /  fastened 
to  a  rod  projecting  from  the  metal  plate  by  means  of  a 
horizontal  pin,  round  which  it  must  revolve  oaHily.  Wlien 
the  rod  s  i»  turned  so  fur  fmrn  the  position  indicated  in  the 
diagram,  that  the  little  plates  /  are  no  longer  supported,  the 
latter  will  turn  round  throwing  off  whatever  may  have  been  laid 
uiwn  them.  It  is  letter  that  the  two  plates  /  should  not  turn 
round  sinniltancously.  We  lay  then  n  piece  of  metal,  and  a  little 
feather  on  each  plate ;  and  if  we  let  the  one  plate  turn  over  lufDre 
wc  have  dniic  pumping,  the  pi<!ce  of  m(;t]il  will  full  tiiucli  fa-ster 
than  the  feather.  But  when  the  air  is  quite  exhausted,  and  the 
second  plate  is  turned  over,  the  feather  will  fall  as  rapidly  as  the 
piece  of  metal. 

The  amdemtinff  Pump 
scr\'esto  condeuKCtheair.lt 
differs  essentially  from  the 
air  pump,  in  having  valves 
that  o{)en  and  shut  in  oppo- 
site directions,  as  exhibited 
in  Fig.  116.  When  the 
piston  descends,  it  cuin- 
presses  the  air,  driving  it 
into  a    receiver ;    when   it 

^^ ~ —  ''  ascends,    the    external    air 

opens  the  valve  of  the  piston,  and  presses  into  the  cylinder,  while 
Ihe  comprcfisod  air  in  the  receiver  keep«  the  bottom  valve  of  the 
cylimler  shut.  Another  depression  of  the  piston  ix-oi^us  the 
bottom  valve,  and  closes  the  piaton  valve,  when  a  new  supply  of 
air  is  forced  into  the  receiver,  &c. 

The  barometer  gaugt'  of  the  condensing  machine  is  a  straight 
tube,  closed  at  the  top  and  Hlled  with  air,  ha\ing  its  lower  open 
md  plunged  in  a  vessel  of  merctin,'.  On  beginning  the  experiment, 
the  air  into  the  tube  is  below  the  pressiut:  of  one  atmosphere,  if  the 
levels  of  the  mercury  tn  the  tube  and  the  vessel  arc  uf  equal 
weight. 

The  more  the  pressure  increases,  the  higher  the  mercury  rises  in 
the  tube.     Fmm  tlie  height  of  this  column  of  mercury,  and  the 
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rompTcssion  of  the  air  in  the  ttilw,  it  is  easy  to  drtcrmiiie  tlic 
degree  of  condensation  in  the  receiver. 

In  this  machine,  the  receiver  must  be  screwed  tightly  on  the 
pUte  to  prevent  its  beinji^  raised  by  the  compressed  air. 

Condensing  ])unips  liavc  been  80  contrived   a«  to  screw  on  the 
apparatus  in  which  air  is  to  be  compressed.     They  have  only  one 
cylinder,  and  one  piston  without  a  valve.     Ou  the  one  end  of  the 
piQ.  117.  Fio.  118.  cylinder,  the  re- 

servoir is  screwed 
on,  iu  which  the 
air  is  to  Ix;  com- 
pressed ;  on  this 
there  is  a  valve, 
through  which 
air  may  enter, 
but  cannot  es- 
cape from  the 
reservoir.  In 
order  to  admit 
fresh  air  into  the 
cyhnder,  after  a 
portion  has  been 
compressed  into 
the  resenoir, 
the  cylinder  has 
either  a  lateral 
aperture  as  in 
Fig.  117,  or  a 
lateral  valve  like 
Fig.  118.  The 
latter  i«  particu- 
larly applicable 

when  we  want  to  compress  a  special  gas,  for  it  i.^  then  only  neces- 
sary to  put  the  glu«8  reservoir  in  connection  with  the  tulx^  of  the 
lateral  valve. 

The  first  of  these  condensing  pumps  is  mainly  used  for  loading 
air  guns,  the  construction  of  whieli  will  be  made  clear  by  the 
accompmiying  figures.  When  by  help  of  the  eoudeusing  pump, 
we  have  comjircssed  the  air  in  the  piston  of  the  air  giui  to  the 
density  of  8  or  10  atmospheres,  a  barrel  is  screwed  on,  along 
which  the  ball  is  directed.     If  the  valve  closing  the   piston  be 
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opened  by  the  lrif;«j;er,  a  part  of  tlie  enclosed  air  will  escape  with 
{^reat  vinJcnoc,  carrying  the  ball  with  it;  but  the  valve  elonivs 
immediately.  A  g<K>d  air  giiu  may  give  as  umch  speed  to  a  hull 
as  a  nmskct  can  do.  Many  shots  may  be  discharged  without 
reloading^  the  number  bciug  in  proportion  to  the  size  of  the 
piston. 

Heroes  BaU. — We  can  also    force  fluids   out  of   vessels   with 
f^at   violence  by  niwins  of  compressed  aii*,  as  iy   the  caw   with 
Heroes  Ball.     A  tube  passes  nearly  to  the  bottom,  through   tin- 
no.  J22.  u<^ck   of  a  vessel  partially  filled  with  water.     The  tube 
terminates  above  ill  a  point  with  a  fine  aperture.     If  the 
air  in  the  upper  part  of  the  vessel  have  in  any  way  been 
compressed,  the   pressure,   which  it  exerts  on  the  surface 
of  the  water,  will  drive  the  fluid  out  of  the  tine  apertnie 
after  the  manner  of  a  fountain.     We  may  maVe  use  of  n 
rta.*«k,  closed  by  a  cork,  through  which  ]insses  a  glass  n>d 
ft        drawn  out  to  a  tine  point.    U  the  ^'liws  rod  docs  not  pene- 
yilV      Irate  for  into  the  vessel,  we  obtain,  by  this  arrangement, 
^^^^^   the  drop))ing  bottle  with  whieL  elicmists  commonly  wash 
^^^f  their  {)recipitates.     The  air  in  this  may  be  compre^ed  by 
blowing  with  the  mouth  through  the  tube.     If  the  air  enclosed  in 
the  apparatus  be  of  equal  density  with  the  surrounding  atmos- 
phere, and  we  place  it  under  the  bell  of  the  air  pump,  it  will  begin 
to  burst  as  s*k)u  as  we  have  exhausted  the  air.     This  apparatus  is 
often  constructed  in  large  dimensions  entin*ly  of  metal.     In  that 
caac,  the  ueek  is  furnished  with   a  cock  r,  above  whieh  the  thin 
tuljc  may  loc  screwed  on.  The  air  is  rompressed  by  means  of  a  con- 
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denying  pnmp  screwed  on  in  the  place  nf  tlie  pointed  tube.  When 
the  vessel  is  charj^ed,  we  close  the  cock,  remove  the  pumjij  and 
screw  on  the  pointed  tube.  As  soon  as  the  cock  is  opened,  the 
WRter  rushes  out  to  the  height  of  from  30  to  100  feet,  if  the  air 
has  been  compressed  to  2,  or  from  5  to  6  atmospheres. 

The  Fire  Engine, — Fig.  123   represents  the  combination  of  the 
forcing  pump  with  Hero's  Ball;  the  cylinders,  of  which  we  will 

no.  123. 
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consider  the  one  to  the  right  hand,  stand  in  a  trough  filled  with 
water.  If  the  piston  /  be  raised,  the  valve  d  rises,  and  the  water 
presses  into  the  cylinder  e.  On  the  descent  of  the  piston,  the  valve 
d  closes,  the  valve  c  is  opened,  and  the  water  is  forced  through  the 
narrow  tube  A,  into  the  air  ehaml^er  a.  This  air  chamber  is 
nothing  more  than  a  large  Heroes  Ball,  and  the  more  water  is 
pumped  into  it,  the  more  is  the  air  in  its  upper  part  compressed. 
The  tube  h  reaches  almost  to  the  bottom  of  the  air  chamber ;  at  y 
a  tube  with  a  narrow  opening  is  screwed  on.  A  strong  jet  of 
water  is  driven  from  the  aperture  by  the  pressure  constantly 
exercised  upon  the  water  by  the  air  compressed  in  the  chandwr. 
A  leather  pipe,  \^'ith  a  metal  spout,  may  be  screwed  to  an  opening 
in  the  side  of  the  air  chamber  near  the  bottom  :  this  pipe  also 
throws  out  a  jet  of  water  which  can  be  more  easily  directed,  and 
brought  nearer  to  the  burning  parts  than  the  stream  from  the 
aperture  g.  The  raising  and  lowering  of  the  piston  is  managed 
by  a  lever,  whose  fulcrum  is  m.     Both  rods  of  the  pistons  are  so 
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attached  to  this  lever,  that  the  one  ascends  as  the  other  descenda, 
and  a  fresh  supply  of  water  may,  therefore,  be  uninterruptedly 
eonveycd  to  the  air  chamber. 

rrc.  124.  no.  125.  Hero*8     Fountain.  —  Tlie 

must  simple    mode  of  con- 

atruetinp;  Hero's  Fountain  by 

Y^^^  ^v  ■'  t  il!;  t(lT        means  of  glass  tubes,  and  a 

VV   ^n  ,  I  '  glass  blower's  lamp  is  shown 

in  Fif^.  I21-.  The  column 
of  water  in  the  tube  a  com- 
presses the  air  in  b ;  the 
compressed  air  presses  upon 
the  surface  of  the  water  in 
c,  and  consequently  the 
water  must  gush  out  at  d. 
Jl%.  I  According  to  the  same  prin- 

fiiS  |L  ciplc,     Hero's    Fountain  in 

^^  *  \  Fig.  1 25  is  composed  of  glass 

tubes,    glasH  flasks,    aud   a 

funnel.     It   is   evident  that 

the   vessel   c  must  Ix;   sup- 

jiorted  in  some  way.     Wlien 

tlie    apparatus    is   set    iut(] 

action,  the  vessel  c  is  filled 

with    water,    and    its  neck 

closed   with    a   cork,    through    which    pass  the   tubes  b  and   H. 

Water  is  then  poured  into  the  funnel/,  on  which  the  water  begins 

to  gusli  from  the  tube  d, 

no.  126.         Measmement  of  the  pressure  of  Gases. — There  are  two 

L^  means  by  which  we  may  measure  the  pressure  of  gases, 

I  viz,  by  columns  of  liquids,  and  by  valves.  Au  apparatus 

I  designed  for  this  purpose  is  termed  a  manometer.     The 

I  ^\     barometer    gauge  upon    the    air  pump,    and  the  cou- 

III     i^^'is'"^  machine  are  manometers. 

I^^l  Safety  tubes  belong  in  some  respects  to  mano- 
R0  meierSf  for  they  measure  the  preasure  of  the  gas  in 
I  I  the  apparatus  to  which  they  arc  attached.  IX  their 
^J  tension  be  equal  to  the  atmospheric  pressure,  the 
fluid  will  stand  at  the  same  level  in  both  limbs, 
(Fig.  120) ;  if  this  be  uot  the  case,  the  pressure  may  be 
determined  in  the  interior  of  the  enclosed  space  by  the 


MEASURBMENt 


rRB    PRK88VBB    OP    0ASB8. 


115 


c 


difference  of  the  colunnift  of  liquid  in  the  two  litnlw,  provided  tlie 
(hMisity  of  llie  liquid  in  the  safety  tube  be  knorni.  Tliesu  siifetY 
tubes  were  invented  by  fVeller,  and  are  of  the  greatest  utility  in 
many  ehcinicftl  operatiims,  by  preventing  explosions  as  well  as  the 
forcing  back  of  enclosed  liquids  by  the  air's  pressure  when 
absoqition  taken  place. 

In  Figs.  127  and   128  there  arc  two  loaded  or  safety   valves 
no.  127-  no.  128.  represented.    If  the 

weight  be  known 
that  will  load  such 
a  valve,  and  the 
Hisc  of  the  surface 
of  the  valve  which 
haa  to  support  the 
vertical  prcssiwe  of  the  gas,  the  tension  of  the  gas  at  the  moment 
when  it  is  able  to  raise  the  valve  may  be  calculated.  t\>r  instance, 
if  the  loading  of  the  valvo  be  100  kilog.,  and  the  area  of  the  vabie 
25  square  centimetres,  each  square  centimetro  of  this  area  will 
have  to  bear  4  kilogrammes.  As  now  the  pressure  of  the  atmos- 
phere upon  each  square  centimetre  amounts  to  1,0325,  the  tension 

4 
of  the  gas  able  to  lift  this  valve  will  be  equal  to  f^ooH  ^  ^'^"^    *''"' 

mospherea,  to  which  must  be  added  one  atmosphere  more  on 
account  of  the  pressure  of  the  air,  borne  by  the  valve  bcslde-s  its 
other  load.  This  apparatus  is  applied  to  liquids  as  well  as  gases, 
and  by  its  means,  tlie  boilers,  tubes  of  c^HuniunicAtion,  and  the 
eyiiudera  of  the  steam  engine  are  proved. 


I  2 


116 


ATTRACTION    BETWBBN    SOLID    BODIES. 


CUAPTER  VI. 


ATTRACTION    BETWEEN    OASKOUB    AND   80LI D^    AS    WELL    AS 
BETWEEN    GASEOUS    AND    LIQUID    BODIES. 

The  following  eipcrtmenU  prove  most  endently  that  a  consi- 
derable attraction  exists  iKtwccn  the  (mrticlea  of  sulid  nud  ^scous 
rig.  129.  bodies.     If  we  place  a  piece  of  glowing  char- 

coal  under  nicrcur)%  and  then  let  it  ascend 
into  a  cylinder,  whose  upper  part  is  filled  with 
carbonic  acid|  shut  off  by  means  of  the  mer- 
cury from  any  communication  with  the  exter- 
nal nir,  and  whose  volume  is  about  20  tirues 
ll^M  greater  than  tlmt  of  the  charcoal,  the  carbonic 

I ^^1 .   acid  will  in  a  few  minutes  be  so  coudeused  by 

■^■I^^^hhJ  the  charcoal,  that  the  mercury  will  rise  to  the 
mump  top  of  tht:  cyhudcT.  The  whole  niasa  of  the 
carbonic  acid,  whieli  btiforc  filled  all  the  upper  part  of  the  C}'hnder 
is  now  condensed  by  the  attraction  existing  between  the  gas  and 
the  pores  of  the  charcoal,  the  former  having  been  absitrfted.  A 
similar  experiment  succeeds  with  many  other  gases.  If  the 
charcoal  have  lain  any  length  of  time  in  the  air,  the  experiment 
does  not  prove  quite  successful,  as  we  may  easily  understand,  if 
we  reflect  that  it  absorbs  atmoflphcric  air,  and  the  vapour  distri- 
buted through  the  air,  and  that  its  capacity  for  absorbing  other 
gases  is  consequently  diminished. 

If  charcoal  that  has  absorlx^d  gas  be  brought  under  the  air 
pump,  or  kindled,  it  will  hheratc  the  absorbed  gas. 

Absorption  of  gaaea  is  at  all  times  accompanied  by  u  develop- 
ment of  heat,  which  is  more  considerable  in  proportion  to  the 
amount  of  absorption. 

In  the  manufacture  of  gunpowder,  the  charcoal  is  triturated  to 
a   very   fine   powder,   which   absorbs   atmospheric  air   with    such 
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avidity  that  a  considerable  degree  of  heat  takes  place  in  the  mass 
and  frequently  gives  rise  to  combustion. 

If  a  line  jet  of  hydrogen  gas  be  thrown  upon  spongy  platiuam, 
al>sori>tion  of  the  gaa  follows  with  such  violence  as  to  make  the 
plntiniim  red  hot  and  intlamc  the  hydrogen  gas.  On  this  prin- 
ciple Ddbcrcincr's  lamp  is  constructed. 

Absorption  is  considerably  promoted  when  the  solid  body  is  in 
a  iinely  divided  condition,  as  is  the  case  with  charcoal  powder 
and  spongy  platinum,  because  of  the  increased  number  of 
points  of  contact  between  the  solid  bodies  and  the  gas,  but  this 
tiuely  porous  condition  is  not  indispensable  to  effect  a  condensation 
of  the  gas,  it  also  occura  if  the  solid  body  has  a  perfectly 
smooth,  or  metallic  surface ;  in  this  case,  however,  tbe  conden- 
sation is  less  considerable.  If  wc  put  a  piece  of  platinum,  having 
a  perfectly  smooth  metallic  surface,  into  a  mixture  of  oxygen  and 
hydrogen,  both  gases  will  be  so  much  condensed  as  gradually  to 
combine  and  form  water. 

Not  only  platinum  and  charcoal,  but  all  solid  bodies  exhibit  in 
a  greater  or  less  degree  this  remarkable  rchition  to  gases.  Ever)'  solid 
body  is  as  it  were  surrounded  by  the  condensed  atmosphere  of 
some  gas,  which  it  is  often  very  difficult  to  separate  from  it,  and 
which,  even  if  ita  surfaec  be  perfectly  firccd  from  it,  will  again 
adhere  after  a  time,  if  the  body  come  into  contact  with  gases. 
Thus  for  example,  glass  is  always  surrounded  by  a  coating  of 
condensed  air,  which  in  the  construction  of  barometers  can  only  be 
removed  by  the  boiling  of  the  mercury  in  the  tube.  If  water 
be  poured  into  a  glass   Hask,  and  placed  over  the  tire,  there  is 

no.  130. 


soon  seen  a  number  of  bubbles  forming  on  the  bottom  long  before 
the  water  boils.     This  is  owing  to  the  layer  of  air,  which  from 
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its  great  condensation  was  birfon^  imperceptible,  but  now  forms 
bubbles  after  it»  expansion  by  heat.  Similar  bubbles  appear  if 
the  vessel  with  water  Imj  placed  under  the  receiver  of  the  air  pmnji, 
and  then  exhausted. 

Such  fra»eou8  bodies  as  easily  pass  over  into  a  fluid  condition 
(vapour)  are  rendered  liquid  by  their  attraction  for  solid  bodies. 
Thus  chloride  of  calcium  attracts  the  vapour  of  water  with  ^eat 
rapidity,  condeascs  it  to  water,  and  at  length  dissolvoa  in  the  water. 
Common  salt  also  attracts  the  va])0iir  of  water  from  the  air,  and 
becomes  moist.  It  is  the  same  with  ])ota8h  and  many  other 
bodies. 

Bodies  that  attract  the  vapour  of  water  from  the  air  are  calkd 
hygroscopiv  bodies  j  to  these  belong,  besides  those  wc  have  men- 
tioned, wood,  hair,  whalebone,  &c. 

Absorption  of  ga$es  by  Itqitids. — Liquids  exhibit  n  similar  rela- 
tion to  gases  as  that  we  have  just  considered  in  solid  bodies.  Tliia 
may  be  made  evident  by  so  far  altering  the  csperiment  given  in 
Fig.  129,  as  to  substitute  amnumiacal  gas  for  carbonic  acid,  and 
water  for  charcoal.  The  ammoniacjil  gas  is  so  eagerly  al)[«n'lxMl  by 
the  water,  that  all  the  gas  di8a]>pcars  at  once,  and  the  tube 
becomes  tilled  with  water. 

The  water  absorbs  700  times  its  volume  of  ammouiacal  gas,  and 
500  times  its  volume  of  muriatic  acid  gas.  The  power  of  absorp- 
tion of  liquids  depends  upon  the  temperature  and  degree  of  pressure. 
Liquids  absorb  larger  quantities  of  gas  at  u  low  temperature,  and 
under  strong  pressure,  than  a  high  temperature  and  under  less 
pressure. 

Water  almost  always  contains  a  tolerably  large  quantity  of 
absorbed  air,  from  which  it  can  only  be  freed  by  prolonged 
boiling.  Carbonic  acid,  amongst  other  gases  is  pretty  freely 
absorbed  by  water,  as  for  instance,  beer,  champagne,  and  certain 
mineral  waters. 
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OP  MOTION  AND  ACCELERATING  FORCES. 


CHAPTER     I. 


DirVBRENT    KINDS    OF     MOTION. 


Jieai  and  Motion. — A  body  that  changes  its  position  with  respect 
to  another  is  in  motion ;  it  is  at  rest  if  no  such  change  occur. 
Kvcry  form  of  rest  or  motion  obacned  by  as  is  only  rcUtive,  not 
abwilutA".  The  trees  are  at  rest  in  relation  to  the  neighbouring 
hills ;  trees  have  an  unchangeable  position  on  the  earth's  surface ; 
but  trees  and  hills  are  not  on  that  account  in  a  state  of  absolute 
rest;  they  with  the  whole  earth  on  which  they  stand  traverse 
the  vast  orbit  of  our  planet.  Although  we  know  that  we  Hy 
llirough  the  space  of  heaven  with  the  earth,  as  it  revolves  round 
the  sun,  wc  cannot  say  anything  delinitc  respecting  our  own 
absolute  motion,  as  wc  know  not  whether  the  sun  is  an  immove- 
able centre  of  the  world.  Everything,  however,  seems  to  imply 
that  the  snn  itself  is  only  a  planet  roolving  round  another  sun, 
which  in  its  turn  in  nnt  Bx«'d  j  but  we  arc  not  able  to  determine 
or  even  to  conjecture  what  the  centre  of  all  motion  i». 

Tlicre  are  two  essential  points  regarding  motion  that  we  must 
consider,  viz.  direction  and  velocity.  If  a  body  move  continually 
in  one  direction,  its  course  is  in  a  straight  line;  but  if  the  direction 
of  its  motion  constantly  change,  its  motion  is  curvelinear.  If  we 
draw  a  tangent  to  the  cune  at  a  point  of  the  curve  occupied  by  the 
U)dy  at  any  given  instant,  this  tangent  will  show  the  direction 
of  the  motion  of  the  body  at  that  moment. 

Uniform  motion.- — A  bo<ly  has  an  uniform  motion  if  it  pass 
over  cquftl  spaces  in  et|ual  times.  If  a  body  moving  in  a 
Ntraight  line^    advance   eqiudty   far,    sixty  feet   for    instance,    in 
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each  minute,  thirty  feet  in  every  half  minute,  anil  one  foot 
in  every  second,  it  moves  uniformly.  As  the  spaces  traversed 
in  equal  times  arc  equal,  it  follows  that  the  relation  between 
time  and  space  remains  constant.  This  relation  we  term  the 
velocihj  of  uniform  motion.  If  wc  take  double  or  triple  the  time, 
the  8]}acc  traversed  will  be  doubled  and  tripled ;  and  the  rela- 
tion consequently  remains  the  same.  The  number  expressing  the 
velocity  depends  upon  the  units  chosen  for  space  and  time.  If  we 
were  oidy  to  express  the  velocity  by  a  number,  without  giving  the 
units  employed,  the  velocity  would  then  be  wholly  undefined.  The 
simplest  mode  of  expressing  velocity  is  by  giving  the  space 
traversed  by  the  body  in  an  unit  of  time,  as  a  minute  or  a  second. 
Thus  for  instance  a  man  walks  as  a  general  rule  with  the  velocity 
of  2.5  foet  in  n  second.  .\x\  ordinary  wind  has  a  velocity  of  60 
mctrca  in  the  minute;  a  hurricane  2700  metres  in  a  minute. 
These  two  last  named  velocities  admit  of  comparison,  as  they  arc 
expressed  in  the  same  units ;  thus  the  velocity  of  the  hurricane  is 
45  times  as  great  as  that  of  an  ordinary  wind.  If  we  would 
compare  the  speed  of  a  man  with  the  veU>city  of  the  hurricane,  we 
must  first  reduce  both  to  a  Ukc  unit.  As  matter  ia  inert,  a  body 
onw  having  an  \iniform  motion  would  continue  to  move  in  the  same 
direction,  and  with  the  same  velocity,  unless  a  second  force  were 
to  act  upon  it,  changing  its  direction  alone,  or  its  velocity  alone,  or 
both ;  for  by  itself  a  body  can  change  nothing  in  this  reai)cct, 
either  with  regard  to  its  conditions  of  rest  or  motion.  Tlius  we 
arc  to  understand  the  law  of  inertia,  and  not  as  the  older  philoso- 
phers,  who  maintained,  that  matter  had  a  prevailing  tendency  to  rest. 
If  we  see  that  the  motion  of  a  body  be  in  any  way  changed,  if  for 
instance,  its  velocity  iuerctaeB  or  diniinishes,  its  motion  ceases,  or 
changes  its  direction,  then  mnst  this  change  always  be  occasioned 
by  some  external  cause.  A  stone  thrown  towards  the  sun  would 
contirme  its  oiurse  till  it  reached  the  sun,  were  it  not  prevented  by 
the  resistanct!  of  the  air,  mid  by  the  force  of  gravity  drawing  it 
back  to  the  earth. 

Accelerattff  and  retardfd  motion. — A  constant  change  of  velocity 
can  only  be  effected  by  a  constantly  acting  force,  tunned  accelt- 
rating  or  retardhff  according  as  it  augments  or  diminishes  motion. 
If  at  any  moment  of  the  varjing  motion,  all  the  accelerating  or 
n^tarding  forces  were  to  cease  to  act,  the  motion  would  become 
miiform  from  that  moment.  The  velocity  of  a  varying  motion  in  a 
given  moment  i»  dctcnnincd  by  computing  how  far  the  body  would 


move  in  the  unit  of  time,  if  nil  acceleration  and  retardation   were 
to  ceaKC  from  the  said  moment. 

A  motion  is  termed  uniformly  accelerated  or  uniformly  refmrded, 
if  the  vclueity  iuereasc  or  dituiuiMh  e<{ually  in  equal  times. 
Such  motions  are  prodnced  by  forces  acting  continually  with  the 
aamc  intcnaity  as  is  the  case  with  gravity.  A  heavy  body  falla 
with  an  uniformly  accelerated  velocity.  If  we  set  out  with  the 
supposition  that  the  intensity  of  gravity  is  the  same  at  the 
different  places  traversed  by  the  falling  body,  (and  experience 
justities  us  in  this  assumption  at  least  within  certain  limitations), 
all  laws  of  freely  falling  bodies  may  be  developed  by  u  simple  mode 
of  reasoning. 

As  gravity  acts  in  the  same  manner  at  c\'ery  moment  of  a  fall,  the 
velocity  of  the  falling  body  must  als4.>  increase  equally,  on  equal  terms, 
that  is  the  niution  must  be  a  uniformly  accelerated  one.  If  the 
falling  body  attaiuj  in  the  first  second  of  its  descent,  a  velocity  ff, 
it  must  after  2,  3,  4  ...  /  seconds  have  attainetl  to  a  velocity  of 
^  fft  3y»  -^y  •  •  •  t  .  ff:  which  may  be  thus  generally  expressed  in 
words :  the  velocity  vf  a  freely  falling  body  is  always  proportionate 
to  the  time  elapsed  during  its  fall :  or  it  is 

V  =  g  .t 
if  V  represent  the  velocity  acquired  by  the  body  during  its  fall  of 
/  seconds,  and  g  its  velocity  at  the  end  of  the  first  second. 

What  space  will,  therefore,  the  body  fall  through  in  1,  2,  3,  4 
.  .  .  .  /  seconds  ?  At  the  beginning  of  the  first  second,  its  velocity 
is  equal  to  o;  at  the  end  of  the  same,  it  is  g.  As  norw  the 
velocity  increases  uniformly,  the  space  fallen  through  in  one  second 
must  clearly  be  the  same  as  if  the  body  were  during  one  second 
moved  by  a  velocity  ranging  half  way  between  the  beginning  and 
ending  velocity :  that  is  between  o  and  g.  But  this  medium 
velocity  is  {  g^  and  a  Ixnly  falling  during  one  second  with  a  velocity 
of  \  g,  passes  over  a  space  \  g. 

In  the  same  manner,  we  may  find  by  deduction  the  space 
passed  through  by  a  body  falling  during  two  seconds.  Tlie  starting 
velocity  is   o ;  the  closing  velocity  2  g ;  the  medium  velocity  is 

consequently  -^^  and  a  body  moving  during  two  seconds  with  this 


velocity,  passes  through  a  space  equal  to  2.2  g. 
In  three  seconds  the  body  passes  through  a  space  equal  to  3.3  f  for 


1»» 


GALILEOS    INCLINKD    PLANE. 


the  starting  velocity  is  o,  the  closing  velocity  8  g,  and  the  medium 

velocity  is  consequently  equal  to  3  ^ ;  and  a  body  most  move  uni- 

torinly  with  this  velocity  during  three  secoTids,  if  it  traverse  the  same 
»pacc  through  which  a  hca\'y  hody  will  fall  in  the  same  time.  We 
will  express  this  generally.  If  a  body  fall  during  t  seconds,  it  must 
travurs*;  a  space  equal  to  what  it  would  have  done  during  the  same 
time  with  an  uniform  mutiuu,  if  its  velocity  wert^  a  medium  between 

0  and^./i  that  is^  .  ^  But  a  body  moving  t  secoads  with  a 
velocity  equal  to  ^  ^  traverses  a  space 


or  expressed  verbally :   the  tpaces  described  are  j/roportiojiai  to  the 

squares  of  the  times. 

ExiM'nnieut,  howcverj  can  alone  prove  whether  these  premises 
be  correct,  and  whether  gravity  actually  be  an  uniformly  aceule- 
rating  force.  This  question  cannot  be  directly  solved,  ^incc  the 
velocity*  with  which  bodies  fall  augnu-nts  so  rapidly,  that  after  the 
first  few  moments  it  becomes  im])os.sible  to  determine  accurately 
the  spaces  passed  through  in  given  times.  Ihit  although  we 
cannot  find  this  by  direct  experiment,  we  may  arrive  at  the 
result  by  indirect  means.  The  most  simple  method  is  Gatiieo's 
inciirted  planCy  but  the  one  jwasessed  of  the  greatest  degree  of 
accuracy  is  Atwood^s  falling  machine, 

Galileo's  inclined  Pltme. — Galileo  studied  the  laws  of  descent  by 
rolling  easily  moving  bodie«  down  an  inclined  plane.  To  follow 
his  experiments,  it  is  betst  to  make  use  of  a  canal  of  wood,  about 
10  or  12  feet  in  length  (Ftg.  131)  polished  as  smoothly  as  pos- 
sible in  the  interior, 
and  divided  into  feet 
and  mchcs.  The  canal 
must  be  incUned  by 
being  supported  at  one 
end.  If  it  were  placed 
perfectly  horizontally,  a  boll  laid  u|>on  it  would  remain  at  rest, 
owing  to  its  gravity  l>eing  entirely  counter  [hi  ised  by  the  resistance 
of  its  horizontal  sup|K)rt.  If  the  canal  were  placed  vertically, 
the  ball  would  fall  freely  wi(h  thr  whole   furce   of  its  gravity;  but 
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if  the  btidy  be  inclined,  the  force  of  gravity  will  be  diminished  in  a 
ccrtuiu  tixcd  rclatiun.  It  follows  from  the  prineiplci}  of  statics,  that 
wu  obtuin  the  amount  of  ucccleratiug  force  iix^;ing  the  boll  down 
the  inclinud  plane,  if  we  multiply  the  accelenilinn:  force  of  gravity 
with  the  sine  of  the  angle  of  inclination  of  the  plane.  Whatever 
may  be  the  relation  in  which  a  force  is  diminished^  whether  it  be 
reduced  to  the  half,  the  third,  or  the  fourth  part  of  its  original 
Huiuunt,  the  absolute  amount  of  the  motion  produced  will  alone  be 
chaugcd,  while  the  relations  of  the  spaces  traversed  in  given  times 
will  remain  the  Bamc.  The  laws  derived  from  experiments  with 
the  inclined  plane,  are  therefore  the  true  laws  of  pravity.  If  we 
slip  a  hall  at  a  definite  moment  from  the  upper  end  of  the  canal, 
and  note  the  sjjaccs  traversed  in  1,  2,  3,  sccouds,  we  shall  lind  that 
the  spaces  ore  iw  the  (tquarea  of  the  time  necessary  to  traverse 
those  spaces.  Gra^nty  is,  therefore,  really  an  uniformly  accelerating 
force. 

Atwooitg  Faliing  Machine  consists  essentially  of  a  pulley  rCT*olv- 
rio.  132.  inp  round  a  horizontal  axis,  and  fas- 

tened to  the  top  of  a  vertical  column, 
about  7  feet  in  height  (Pig.  132).  A 
string  is  slung  over  the  pulley  having 
equal  weights  m  at  its  extremitica.  If 
wc  attach  an  extra  weight  n  on  the 
one  aide,  equilibriinn  wll  be  dis- 
turbed ;  the  weights  m  and  n  will  sink 
on  one  aide,  and  the  weight  m  on  the 
other  will  be  raised  up.  The  velocity 
with  which  this  takes  place  is  much 
leas  considerable  than  in  a  free  fall, 
because  the  moving  force,  the  force  of 
gravity  of  the  extra  weight  b,  has  not 
only  to  set  in  motion  the  mass  m,  but 
also  the  mass  2  m  +  n. 

If,  for  example,  each  of  the  weights 
wi  were  7  oz.  but  n  1  oz.  only,  the 
e^tra  weight  of  1  02.  would  have  to 
put  a  mass  of  15  ob.  in  motion;  the 
motion  will  follow  the  same  laws,  aa 
in  a  free  fall,  with  this  difference 
only,  that  the  intenaity  of  the  acce- 
Icratuig  force  is  here  15  times  smaller. 
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If,  thcrt'forr,  a  iVccly  fallinj^  body,  traverse  15  feet  of  space  diiriiig 
the  lirst  Bccoudj  tbc  space  traversed  ill  this  case,  in  the  first  second, 
will  be  only  1  foot. 

It  is  easy  to  sec  that  the  motion  will  be  slowerj  the  smaller  the 
extra  weight  n  is  in  relation  to  m ,-  and  we  may,  therefore,  by 
proper  alterations  in  n,  make  the  motion  as  slow  as  we  chose. 

The  vertical  cohinm  has  been  divided  into  feet,  for  the  greater 
convenience  of  measuring  the  spaces  of  falling.  The  upper  poiut 
is  the  zero  of  the  scale.  Two  slides^  one  of  which  is  perforated 
can  be  secured  to  any  part  of  the  scale. 

It  is  necessary  to  know  thus  much  of  the  apparatus  in  order  to 
understand  the  experiments.  In  the  first  place,  it  is  easy  to  prove, 
by  means  of  this  machine,  that  the  space  is  as  the  square  of  the 
time  of  falling.  Let  n  be  so  chosen  that  the  descent  in  the 
6r8t  second  is  1  inch.  If  the  lower  end  of  the  weight  m,  carrying 
the  extra  weight  be  at  the  zero  point  of  the  scale,  the  weight  will 
be  at  the  first  mark  below  zero,  in  the  course  of  one  second  from 
the  time  of  the  oommencemcnt  of  motion. 

If  the  space  traversed  during  the  first  second  of  falling  be 
1  inch,  it  must  be  4  inches  during  the  two  first  secpnds;  if, 
therefore,  we  move  the  slide  to  4  inches  below  zero,  the  weight 
that  began  its  motion  at  the  point  zero,  will  strike  at  the  end  of 
two  accouds. 

If  we  let  the  motion  always  begin  from  the  same  point  of  the  scale, 
viz.  from  zero,  the  slide  must  be  fixed  at  9,  16,  25,  8C,  49,  04 
iDchea  below  that  point,  if  the  weight  is  to  strike  in  3,  4,  5,  0, 
7,  8  seconds.  This  cipcriment  fully  conHrnia  the  law,  that  the 
spaces  traversed  in  falling  are  as  the  squares  of  the  time  of 
falling. 

We  have  shown  above  that  this  law  follows  from  the  assump- 
tion that  the  velocity  is  proportionate  to  the  time  of  falling.  The 
troth  of  the  inference  proves  also  indirectly  the  correctness  nf  the 
tisumption.  The  relation  existing  between  the  time  of  fullmg, 
and  the  velocity  of  the  body  at  any  given  moment  cannot  be 
directly  ascertained  either  in  a  free  descent,  or  by  means  of  the 
inclined  plane,  since  in  order  to  obtain  this  result,  it  would  l>e 
necessary  that  the  velocity  of  the  body  should  not  increase  from 
that  moment,  consequently  wc  must  Ix:  able  suddenly  to  destroy 
the  action  of  gravity  ou  the  body.  By  means  of  the  falling- 
machine,  we  may  arrest  the  accelerating  force  at  any  moment. 
The  accelerating  force   is  only  the  gravity  of  the  cxirn  weight  n; 
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if  now  we  give  to  the  excess  of  weight  h,  the  form  represented  at 
no.  133.  Fig-  133,  wc  may  arrest  it  by  means  of  tlie  perforated 
I  i-.i  ■  slide  at  any  moment,  while  the  mass  m  continues  to 
2-0=1  progress  with  uniform  velocity  from  the  time  it  ceased  to 
be  acted  upon  by  an  accelerating  force.  We  may,  therefore,  by 
help  of  this  contrivance  determine  directly  the  velocity  at  any  one 
moment  by  tlic  space  traversed  in  the  next  second. 

Wc  have  seen  that  if  ^  be  the  velocity  of  the  body  at  the  end  of 
the  first  second  of  falling,  the  space  traversed  in  the  same  period 
of  time  will  be  ^  y.  If  now  we  have  so  arranged,  that  1  inch  is 
traversed  in  the  first  second,  the  closing  velocity  of  the  first  second 
will  be  2  inches,  that  is,  if  at  the  close  of  the  first  second  the 
accelerating  force  cease  to  act,  the  body  will  traverse  in  the  next 
second  a  apace  of  2  inches  with  uniform  velocity. 

It  is  easy  to  demonstrate  that  this  relation  actually  exists 
between  the  time  and  velocity  of  fulling.  Let  us,  for  instance,  so 
place  the  weights  m-i-n  before  motion  begins,  that  the  under 
surface  of  n  may  stand  at  zero  upon  the  scale  ;  the  perforated  slide 
must  also  be  so  arranged  that  its  upper  surface  stand  at  I  inch, 
and  the  lower  slide  so  that  it«  upper  surface  may  be  as  much 
below  the  mark,  3  inches,  as  the  height  of  the  weight  m  requires. 
If  now  wc  start  the  weights  at  a  definite  moment,  the  extra 
weight  will  strike  in  I  second,  and  the  weight  m  in  2  seconds. 
The  upper  point  of  the  weight  m  has,  therefore,  traversed  the 
space  from  zero  to  1  with  accelerated  velocity  m  the  first  second, 
and  has  passed  in  the  next  second  from  I  to  3  with  an  uniform 
degree  of  velocity. 

That  the  velocity  is  really  uniform  after  the  removal  of  the 
extra  weight,  we  see  from  this,  that  if  without  altering  anything 
else  we  lower  the  slide  2,  4,  6,  8,  or  10  inches ;  the  contact  occurs 
1,  2,  3,  4,  or  5  seconds  later;  consequently  that  a  space  of 
2  inches  is  traversed  in  every  succeeding  second. 

If  we  had  so  arranged  the  extra  weight  r  that  2,  3,  4,  5,  &c. 
inches  were  traversed  in  the  first  second,  a  space  of  4,  6,  8,  10, 
&c.,  inches  would  be  passed  over,  provided  we  removed  the  extra 
weight  at  the  end  of  the  first  second. 

Wc  have  assumed  above  that  if  the  velocity  be  jr  at  the  end  of 
the  first  second,  the  closing  velocity  in  2,  3,  4  seconds  will  be  2  g, 
^  ffj  '^ff'  Experiment  fully  confirms  this.  If  we  again  aasunie, 
that  the  extra  weight  n  be  so  arranged,  that  in  the  first  second 
I  inch  will  be  traversed,  and  consequently  in  the  next  two  seconds, 
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4  inches,  there  will  Im*  n  space  of  t  inches  pa^ftrd  over  in  carli 
succeeding:  second,  provided  wc  take  off  the  extra  weight  at  the 
close  of  two  seconds ;  if  wc  did  not  take  off  the  extra  weight  !>cfore 
the  close  of  the  3rd  and  4th  second,  that  is  when  a  wpace  of  9,  or 
16  inches  had  been  passed  over,  the  motion  wuold  eontitiue  from 
tliat  time  with  an  uniform  velocity  of  6  or  8  inches. 

lu  a  free  fall  the  valu4^  of  ^  may  be  taken  at  somewhat 
more  than  30  feet,  M'hcn  we  come  to  speak  of  the  peudulunij  we 
will  give  a  more  accurate  estimate  of  its  value.  In  a  fri%  fall, 
therefore,  according  to  the  above  proved  laws,  the  space  passed 
over  in  the  first  second  of  falling  must  be  about  15  Paris  feet,  while 
in  2,  3,  or  4  seconds,  it  must  amount  to  60,  135,  240,  &c. 

Galileo  himself  made  experiments  regarding  the  free  descent  of 
bodies,  which  were  subsequently  repeated  by  Hiccioli  and  (hiirwldi 
from  the  Tower  Degli  Asiiielli  in  Bologna ;  Dechalles  ha«,  however, 
made  the  most  accurate  experiments  on  the  subject.  The  obsened 
spaces  through  which  bodies  fall  arc  always  smaller  than  we 
might  be  led  to  expect  from  theory.  This  difference  depends, 
however,  solely  upon  the  resistance  of  the  air,  wliieh  increases 
as  the  square  of  the  velocity.  In  the  falling  machine,  and 
the  falling-canal,  the  resistance  of  the  air  does  nut  influence  the 
results. 

It  is  frequently  important  to  be  able  to  compute  directly  the 
velocity  corresponding  to  given  heights  of  descent.  A  funnula, 
according  to  which  this  calculation  may  be  made,  is  obtained  from  the 

following  equations  v  =  y^  t  and  «  =  -^  /^.     By  the  elimination 

of  /  wc  find  that 

The  velocities  are,  therefore,  as  the  scpiare  roots  of  the  spaces. 
If  for  instance,  a  body  had  fallen  from  a  height  of  100  feet,  its 
velocity  would  be,  according  to  this  formula,  iis  follows :  »  = 
4^3.30.100  ^  77,4  . .  feet  (without  taking  into  account  the  resistance 
of  the  air). 

\M)en  a  lx>dy  is  projeclt^  by  uny  force  vertically  upwards, 
it  ascends  with  dwreasing  velocity;  after  a  time  its  upward 
motian  ceases,  and  it  then  begins  to  fall.  The  laws  of  this 
motion  follow  innncdiately  from  the  foregoing.  Suppose  a 
body  to  be  thrown  upward  with  a  velocity  of  150  feet,  it  would 
MCcnd  150  feet  in  every  second,  pru\*ided  gravity  exercised  no 
influence  u|>on  it.     Rut   as   gravity   imparts   to  u  falling  body  in 
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1,  2,  3,  4,  5  seconds,  a  velocity  of  30,  60,  \H),  120,  150  feet, 
opposed  to  tlic  direction  of  the  uj»ward  motion,  it  is  evident  that 
the  velocity  of  the  ascendiiij?  body  ia  at  the  end  of  the  Ist  second 
150  —  30  ^120  feet;  at  the  close  of  2  seconds  this  velocity  is 
150  — 60  =  90  feet;  at  the  close  of  3  seconds  150  — 90=60 
feet ;  in  4  seconds  150 — 120  ^  30  foet ;  and  finally  at  the  end  of 
the  5th  second  150  — 150=  0;  and  now  consequently  the  body 
bejcins  to  fall.  Wc  have  here  an  illiiRtration  of  an  uniformly 
retarded  motion,  for  the  velocity  of  the  ascending  body  diminishes 
about  tlie  same  in  every  second,  viz,  about  30  feet. 

Let  us  put  this  ill  general  terms.  If  n  be  the  velocity  at  the 
beginning  of  the  ascent,  the  velocity  of  the  body  will  after  I  seconds 
be 

r  ^  »  —  g  t. 

The  body  ceases  to  ascend,  when  n  ^  y  t,  that  is,  when  the 
velocity  acquired  in  falling  during  /  seconds  is  equal  to  the  velocity, 
with  which  the  body  began  to  ascend. 

The  time  required  by  the  body  to  reach  the  highest  point  of  its 
course,  is 


Let  us  now  endeavour  to  ascertain  the  height  attained  by  an 
ascending  body  in  a  given  time.  According  to  the  above  given 
illustration,  the  body  would  have  attained  a  height  of  150,  300, 
450,  &c.,  feet,  1,  2,  3,  &c.,  seconds,  provided  gravity  had  not 
drawn  it  down.  But  as  we  have  seen,  gravity  draws  it  down  15 
feet  in  1  second;  4.  15  :=  60  feet  in  2  seconds;  and  9.  15  ^ 
135  feet  in  3  seconds.  The  height  at  the  end  of  1  second  is, 
therefore,  150  —  15  =  135  feet;  at  the  end  of  2  and  3  seconds, 
300  —  60  =  240  feet,  and  450—  135  =  315  feet.  In  5  seconds 
it  would  have  reaehed  a  height  of  750  feet,  but  being  drawn  down 
15  X  5*  =  375  feet  by  the  force  of  gravity,  it  is  actually  at  an 
elevation  of  750  —  375  =  375  feet,  and  now  begins  again  to  fall. 

Let  us  consider  this  more  generally.  In  t  seconds  the  body 
would  ascend  to  the  height  n  /,  owing  to  its  original  velocity  n ; 

but  having  been  drawn  down  ^  t^  by  gravity,  its  actual  height  is 
The  body  ascends  as  long  as  n  /  is  greater  than  =  ^' 
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As  the  highest  point  of  its  course  ih   attained  wlicn  /  =  -, 

we  find  the  elevation  of  the  body  at  this  moment,  if  in  tlic  ulwve 
given  formula  for  A,  wc  sabstitutc  this  value  in  place  of  /;  we 
then  have 

ni        «  «2        „2        „a         „9 


A  = 


ff  ^  —  Z 

"2/       9 


But  in  -  seconds  a  body,  falling  free,  traverses  a  apace 
g    n'  _  »* 

Hence  it  follows  that  the  body  requires  exactly  as  much  time  to 
fall  as  to  rise. 

Let  us  seek  the  velocity  with  which  the  falling  body  regains  the 
point  from  whence  it  began  its  ascending  motion.     We  shall  find 

it  from    the  formula  v  =  g  t;  but  aa  the  time  of  falUng  t  =^- 

it  follows  that  u  =  «,  that  is  the  body  comes  down  with  the  sayne 
velocity  tvith  Ufhich  it  began  to  rise ;  or,  in  nrder  to  impel  a  bwhj 
verticnlly  to  a  height  h,  we  must  impart  to  it  an  initial  velocity^ 
exactly  as  great  as  that  acquired  by  ity  in  its  free  fall  from  the 
height  h. 

Projectiles.— ^l(  a  body  be  thrown  in  any  other  than  a  vertical 
direction,  it  will  describe  a  curved  line,  the  form  of  which  may  i»c 

easily  deduced  from  the  laws  <»f  falling. 
Let  us  assume  the  Rimplcst  case,  for 
instance,  that  the  body  be  impelled  by 
any  force  in  an  horizontal  direction. 
If  there  were  no  Ruch  force  as  gravity, 
the  body  would  continually  move  in  an 
horizontal  direction,  and  with  an  uni* 
form  velocity. 

By  reason  of  the  first  impelling  force, 
it  would  traverse  the  space  a  b  in  \ 
second,  the  equally  larj;e  space  b  c  in 
2  seconds,  and  so  on,  and  must  conse- 
quently at  the  end  uf  the  1st,  2nd,  3rd, 
&c.,  second,  have  reached  the  points  b, 
c,  d,  &c.  But  it  has  suaik  from  the 
force  of  gravity ;  in  the  first  second  it  fell  15  feet,  consequently 
at  the  end  of  that   time  instead  of  being  at  b,  it   wilt  be   IS  feet 
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below  it.  At  the  end  of  the  m-xt  sct'oml,  it  is  60  feet  below  c; 
at  the  end  of  the  third,  135  feet  below  d,  &c.  The  curved  line 
described  bv  the  body  iu  this  manner,  is  a  parabola. 

If  an  impulse  be  given  in  any  other  direction,  the  course 
described  may  in  tike  mauuer  be  obtained  by  coustrnction. 

The  course  described  by  a  |>rojecled  body  varies  in  conscqiicnce 
of  the  resistance  uf  the  air  from  a  true  parabola. 

Central  motion^ — We  must  now  consider  motions  produced  by 
gravity,  where  the  directions  of  the  force  of  gravitation  iu  various 
points  of  the  course  are  no  longer  parallel.  Motions  such  as  those 
are  observed  in  the  revolution  of  the  moon  roAiud  the  earth,  and 
of  the  planets  round  the  sun. 

If  we  suppose  the  point  a   (Fig.  135),   to  have  received  an 
fio.  13&,  unpulse  in  the  direction  a  b  from  any  momen- 

tarily acting  force  at  the  beginning  of  its 
course,  while  it  is  driven  towards  the  point  m 
by  a  constantly  acting  force  of  attraction,  it 
will  neitliLT  move  in  the  directions  n  h  nor 
a  Cf  but  in  another  direction  a  t/,  which  may 
be  ascertained  by  the  law  of  the  ]>ar&11clograin 
of  forces.  In  order  to  make  the  consideration 
more  simple,  we  will  assume  that  the  cuii- 
stantly  attracting  force  directed  towards  m,  acts  by  impulses  at  short 
intervals,  and  tbis  will  be  found  the  more  nearly  to  approach  the 
truth,  the  smaller  we  imagine  these  intervals  to  be.  If  the  laterally 
directed  impulse  alone  woidd  drive  the  material  point  iu  a  short 
space  of  time  /  from  a  to  b,  and  the  attracting  force,  acting  alone 
would  urge  it  iu  the  same  time  to  c,  it  would  move  uiider  the 
influence  of  both  forces  in  the  instant  of  time  t,  from  a  to  d.  Arrived 
at  d,  it  would  move  ftu-ther  in  the  direction  d  c,  and  in  the  time 
/,  the  space  df  would  be  exactly  us  great  us  a  d,  if  llie  uttractiug 
force  did  not  act  again  iu  such  a  manner,  as  if  the  body  had 
received  an  impulse  in  rf,  which  acting  alone  would  have  led  it  in 
the  time  /  from  d  to  f.  By  this  second  action  of  the  attracting 
force,  the  body  is  again  turned  from  the  direction  d  e,  and  urged 
to^. 

From  this  we  can  easily  understand,  that  if  the  body  have 
received  at  w,  a  laterally  directed  impulse,  M-hilc  the  attracting 
force  acts  at  small  intcr\'als,  it  must  describe  a  |Kilygon,  which 
appnwehes  more  nearly  to  a  curved  line  in  proportion  to  the 
smallness  of  the  intervals.     "When  the  attracting  force  constantly 
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acts  as  it  does  in  nature,  the  com'se  will  truly  be  a  cun'cd  line, 
the  nature  uf  which  will  depend  upon  the  relation  of  the  influenciug 
forces. 

Tlie  force  tliat  constantly  urges  a  body  towards  a  central  point 
of  attraction,  m  designated  the  centripetal  force.  If  at  any  moment, 
the  centri|>etal  force  were  to  cease  acting,  the  body  would  from 
that  instant  continue  to  move  in  the  direction  of  a  tangent,  and 
the  force  thus  acting  is  named  the  tangential  pierce. 

The  figure  described  by  the  course  of  a  body  will  be  a  circle,  an 
ellipsis,  &c.,  according  to  the  relation  between  the  tangential  and 
centripetal  forces. 

Let  as  seek  to  determine  the  amount  of  the  centripetal  force, 

that  urges  the  ni(X)u  in  ita  motion  roimd  the  earth   towai-ds  the 

central  jioint  of  the  latter.    The  earth^s  circumference  is  40  millii>na 

of  metres ;  but  as  the  radius  of  the  moon's  orbit  is  equal  to  60  radii 

of  the  earth,  the  circumference  of  the  moon's  orbit  is  2400  millions 

metres.     This  course  it  traverses  in  27  days,  7  hours,  43  minutes, 

or  what  is  the  same  thing  in  39,343  minutes.      In  every  minute, 

,,      r         *u  .2400,000,000      --.^ 

therefore,  the  moon  passes  over  a  space  of  — sn-QTo —  =ol,tJOO 

metres.      Fig,    136   represents  the  arc   o  i   of  61,000    metres, 
Tio.  1.16.  traversed  by  the  moon  in  one  minute  j  a  c  is, 

therefore,  the  amount  of  apace  through 
which  the  moon  would  approach  the  earth  in 
one  minute  by  the  force  of  gravity,  if  the 
action  of  the  tangential  force  were  suddenly 
destroyed. 

We  may  compute  the  magnitude  of  the 
distance  a  r,  by  assuming  that  the  arc  a  b  in 
a  straight  line  from  which  it  actually  deviates 
but  slightly :  a  b  n  is  then  a  right  angled 
triangle,  6  c  is  a  perpendicular  let  fall  from 
the  right  angle  upon  the  hypothennac ;  and 
under  such  circumstances,  in  accordance  with 
a  known  proposition  of  geometr}',  a  &  is  a 
mean  proportional  between  a  c  and  a  n  ,- 
consequently 

a  h^^sa  exa  n 


and  hence 


a  c  = 


6^ 


an 
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Now  we  have  seen  that  a  b  =  filOOO" ;  but  a  n  the  nidiu8  of  ihi? 
moon's  orbit  is  763,950,000*".  If  wc  put  thiH  value  in  the  place  uf 
a  b  and  a  n  into  the  last  equation,  we  have 

that  18,  we  find  the  attraction  of  the  moon  towards  the  cartli 
amounts  to  >l-,87  metres  in  a  minute. 

But  wliat  ig  the  force  produciDg  this  action  ?  Is  it  the  same 
force  that  makes  the  stone  fall  to  the  earth  ?  If  wc  nsaume  that 
the  force  of  gravity  observed  upon  the  surface  of  the  earth,  extends 
its  influence  beyond  nur  atnios]>hcre,  acting  even  on  the  moon, 
we  can  easily  comprehend  that  its  intensity  must  diminish  with 
the  distance  from  the  earth.  By  a  simple  mode  of  deduction, 
which  we  shall  consider  more  attentively  when  we  treat  of  light, 
wc  ftnd  that  the  intensit)'  of  all  actions  emanating  from  one  point 
stands  in  an  immerse  relation  to  the  sq\iarcs  of  the  distance.  Con- 
sequently at  double,  triple,  quadruple  the  distance  from  the  earth's 
centre,  the  intensity  of  the  force  of  gravity  will  be  diminished 
4,  9,  16  times. 

At  the  moon  it  is,  therefore,  60^  or  3600  times  weaker  than  at 

the  surface  of  the  earth,  because  the  moon   is  removed  60  times 

farther  from  the  earth's  centre.  If  according  to  this,  the  space  fallen 

through  in  the  first  second  on  the  earth's  surface  were  4,9  metres, 

the  space  fallen  through  by  the  moon  towards  the  earth  in  one  second 

49 
would  Ik     '  j  metres,  and  consequently  in  a  minute,   that  is  sixty 

49 

seconds,  it  would  be    '^  •  60^  :=  4,9  metres.     That  is   the  space 

by  which  the  moon  approaches  the  earth  in  one  minute  must  be  as 
great  as  the  space  fallen  through  in  the  tirst  second  of  full  upon  the 
earth's  xurfuce. 

If  we  compare  the  space,  viz.  4,9  metres,  calculated  for  the  fall 
of  the  moon  towards  the  earth  in  a  minute,  with  the  4,87 
metres  deduced  from  astronomical  observations,  we  shall  really  only 
find  a  very  small  difference,  which  would  wholly  disappear  if  wc 
had  not  for  the  sake  of  the  simpler  computation,  taken  only 
approximating  valves  into  consideration.  Thus  we  have  entirely 
neglected  the  seconds  in  giving  the  time  of  the  moon's  revolution, 
and  have  assumed  the  distance  of  the  moon  from  the  earth  to  be 
equal  to  60,  although  it  really  is  60,16  radii  of  the  earth. 

In  this  manner  the  motion  of  the  planets  round  the  sun  may  also 
be  explained,  and  it  is  thus  one  and  the  same  force  that  urges  the 

n  2 
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atone  to  the  earth,  and  acting  through  the  whole  space  of  the 
beaveoR,  maintains  the  harmony  of  our  planetary  s)'steni. 

For  the  knowledge  of  thia  vast  law  of  general  gravity,  we  arc 
indebted  to  the  penetration  and  the  unwearj'ing  industrj'  of 
Neicfon.  Had  he  done  nothing  niorej  this  single  discovery  would 
have  sufficed  to  immortalize  his  name. 

In  the  same  manner  in  which  we  have  developed  the  amount  of 
the  centripetal  force  in  the  motion  of  the  moon,  wc  may  also 
obtain  a  general  expression  for  these  forces.  Let  us  assume,  as  a 
measure  of  the  centripetal  force,  the  space  a  e,  through  which  the 
body  in  its  central  motion,  in  a  unit  of  time,  will  l>c  urged  towards 
the  centre  of  attraction,  and  let  us  designate  it  by  pj  then  as  has 

been  already  proved  ja  ^ Now  the  arc  ah\&  that  which  the 


a  n 


2n  r 


body  actually  describes  in  the  unit  of  time,  therefore,  a  b  ^= 

if  r  be  the  radius  of  the  spherical  orbit,  and  /  designate  the  time  of 
revolution.  Further  «  n  is  the  diameter  of  this  orbit,  and  conse- 
quently ecjuals  2  r.  If  wc  substitute  these  values  o(  a  it  and  a  n 
in  the  above  equation,  we  find  that 

2  n^r 

That  is  to  say :  if  two  bodies  move  in  different  orbits,  and  with 
different  times  of  revolution,  the  cen/npeftti  furce/t  will  be  as  th<' 
radius  of  tfie  circles  described,  and  vaxrsely  as  the  squares  of  the 
times  of  revolution. 

Ff  a  small  8]>herc  which  wc  must  suppose  devoid  of  weight  be 
fast<Tned  to  the  cud  of  a  string  at  m,  and  turned  round  the  [toint  c, 


no.  137. 


\ 


so  that  it  describes  a  circle  round  the  centre 
c,  the  string  will  constantly  have  to  sust^n 
a  tension  increasing  with  the  speed  of  the 
revolution.  If,  at  any  moment,  the  string 
were  severed,  the  ball  instead  of  monng  on 
in  a  circle,  would  by  rcas<in  of  its  inertia  fly 
off  at  a  tangent  from  its  former  path. 

The  cause  of  the  tension   sustained  by  the 

string  is  designated  cejttrifii^ftl  force. 

But  as  the  resistance  of  the  string  produces  the  same  effect  as 

the  centripetal  force  considered  under  the  head  of  central  motion, 

it  ia  clear  that  the  centrifugal  force  is  equal,  and  opposed  to  the 

centripetal  force,    and  that   all  that   has  been  said  of  the  latter 
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applies  equally  to  the  former,  that  is,  that  the  centriftigal  force 
inerenscfl  in  the  ratio  of  the  radius  of  the  orhit,  and  inversely  to  the 
square  of  the  perio<l  of  revoUitiou.  As  a  matter  of  course  the 
tension  of  the  string,  and  consequently  the  centrifugal  force  must 
be  proiwrtional  to  the  revolving  mass. 

Centrifugal  foree  prevails  wherever  there  is  a  rotation  round  a 
fixed  iLvis,  aud  the  separate  particles  arc  j)rcvcntcd  in  any  way 
deviating  from  this  axis.  Such  a  centrifugal  force  must,  therefore, 
be  ix'ca«ioued  by  the  rotation  of  the  earth  round  its  axis.  As  the 
time  of  rotation  is  the  same  for  all  points  of  the  earth,  while  the 
different  points  are  not  equi-distant  from  the  axis  of  i-otation,  it  is 
clear  that  thia  centrifugal  force  is  not  equal  upon  the  earth's 
surface,  but  nmst  be  as  the  distances  from  the  earth's  axis; 
cuusequently,  it  is  at  its  uiiuimuui  at  the  poles,  aud  at  its  maximum 
at  the  equator. 

This  centrifugal  force  whieli  is  {greatest  at  the  equator,  aud  dimi- 
nishes as  it  ajiproaches  the  poles,  acts  against  gravity,  and  lessens 
its  intensity.  We  may  easily  compute  the  amount  of  velocity  with 
which  the  earth  must  rotate  on  its  axis,  in  order  that  the  centrifugal 
force  engendered  at  the  equator  may  fully  counteract  the  effect 
of  gravity. 

The   apparatus  represented  at   Fig.   138,   is   jiarticularly    well 

calculated  for  expenmeuls 
concerning  the  centrifugal 
force.  We  will,  however, 
limit  ourselves  to  one  expe- 
riment, explaining  tht;  tlat- 
teuiug  of  the  earth  at  the 
poles. 

By  help  of  the  handle  m, 
the  horizontal  disc  below  it 
is   made    to    revolve.      The 
rotation  of  the  tlisc  is  trans- 
disc  of  a  smaller  radius.     I 
smaller  disc  must  make  more 
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mitted  by  the  thread  d  to  another 
will  of  course  be  evident  that  the 
revolutions  than  the  larger  one  in  the  same  period  of  time,  these 
bearing  the  same  relation  to  each  other  as  the  radii  of  the  two 
discs.  The  vertical  axis  c  fastened  in  the  middle  of  the  smaller 
disc  turns  with  it.  A  spring  a  b  fastened  by  its  lower  end  to  the 
axis,  but  admitting  of  its  other  extremity  being  freely  moved  up 
and  doftTi,  and  which  in  a  state  of  i*est  forms  a  spherical  figure, 
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will  by  rapid  rcvolutiou  assiinii;  an  elliptical  fonn,   owing  to  the 
ceiitrit'iigal  force  acting  with    the  greatest  intensity    upon  those 
points  of  the  spring  that  arc  the  furthest  removed  from  the  axis. 
Of  the  Pendulum. — The  common  pcmluliim  ctMisists  of  a  heavy 
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ball  suspended  to  the  eud  of  a  ilexi- 
hle  thread.  If  wc  disturh  the  equili- 
brium of  the  pendulum,  that  is  if  we 
remove  it  from  its  vertical  position, 
it  will,  when  left  to  itself  and  without 
receiving  any  impulse,  continue  to 
oscillate  in  a  vertical  plane.  Ifwc 
bring  the  pendulum  into  the  position 
/  Oj  the  ball  will  describe  an  are  a  /, 
reaching  /  with  such  velocity  as  to  be 
carried  forward  as  high  as  6  on  the 
other  side,  that  is  to  say  to  the  elevation  of  the  point  a;  from  6, 
the  pendulum  again  traverses  in  a  reversed  direction  the  arc  b  I  a, 
and  in  this  manner  continues  its  oscillations.  The  velocity  of  the 
pendulum  constantly  increases  with  its  descent  and  diminiahe«  with 
its  ascent  j  at  the  moment,  therefore,  in  which  the  pendulum 
passes  the  point  of  equilibrium  it  has  attained  its  greatest  velocity. 
The  motion  from  a  to  b,  or  from  A  to  a  is  termed  an  osciUatitmj 
from  a  to  /  is  a  semi- descending  oscillation,  from  /  to  £  a  semi- 
ascending  oscillation. 

The  amplitude  of  an  oscillation  is  the  magnitude  of  the  arc  a  b 
expressed  in  degrees,  minutes,  and  seconds. 

The  time  of  an  oscillation  is  the  time  necessary  for  the  pendulum 
to  traverse  this  arc. 

At  the  lirst  glance  we  might  conclude  frouL  this  experiment  that 
the  motions  of  a  ])cndulum  must  always  continue,  for  if  starting 
from  a  it  be  borne  up  to  an  equal  height  b  on  the  other  side, 
it  ronstj  starting  &om  b  also  ascend  to  a,  and  thus  continue  the 
same  course,  a  second,  third,  and  fourth  time,  and  thus  on  to 
eternity. 

This  deduction  would  be  perfectly  correct,  if  b  were  absolutely 
at  an  equal  elevation  with  a ;  but  the  friction  at  the  point  of 
sU8[icnsion  /,  and  the  resistance  of  the  air  that  must  be  displaced 
by  the  ball,  hinder  the  latter  from  ascending  exactly  to  the  same 
height  from  which  it  descended.  This  ditfcrcnce  becomes  only 
appreciable  after  a  series  of  oscillations,  and  instead  of  wondering 
that  the  motion  does  not  continue  for  ever,  we  ought  rather  to  be 
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surprised  that  it  laats  so  long,  for  a  pendulum  can  go  on  oscillating 
fur  hours  together. 

Law9  of  the  oscillations  of  the  Pendulum. — ^Thc  laws  of  the 
oscillations  of  simple  pendulums,  arc  ajs  follows : 

1 ,  The  duration  of  the  oscillation  is  independent  of  the  weight 
of  the  ball  and  the  nature  of  its  aubstancc. 

To  prove  this,  we  must  construct  several  pendulums  of  equal 
lengthy  the  ball  of  one  being  of  metal,  of  another  wax,  of  a  third 
wood,  &c.,  and  we  shall  then  find  that  all  have  equal  durations  of 
oscillation. 

When  gravity  makes  a  pendulum  oscillate,  it  acts  upon  every 
atom  of  the  matter  composing  the  ball ;  each  atom  of  the  ball  is 
acted  upon  by  its  own  gravity,  and  consequently  an  increase  of  the 
atoms  can  have  no  influence  on  the  velocity  of  the  oscillations.  If 
we  could  suspend  a  single  atom  of  iron  to  a  thread  devoid  of  weight, 
it  must  oscillate  just  as  fust  as  if  we  attached  to  it  two  or  three 
atoms,  or  even  a  boll  of  iron.  GraWty,  however,  might  act  other- 
wise upon  a  molecule  of  wax  than  u[)on  a  molecule  of  iron. 
That  it  docs  not  do  so,  that  gravity  acts  alike  on  a  molecule  of 
gold,  platinum,  wax,  iron,  &c.,  is  proved  by  the  experiment  with 
the  pendulum.  The  already  mentioned  experiment  on  falling  in 
a  vaatum  is  but  a  rough  illustration  of  the  fact,  as  we  have  only 
to  observe  the  action  of  gravity  during  an  extremely  short  period 
of  time.  The  jtcndulum,  however,  eimblcs  us  to  watch  the  influence 
of  gravity  upon  different  bodies  during  many  hours  together. 

2.  The  duration  of  small  oscillations  of  the  same  pendulum  is 
indr|>endent  of  their  magnitude.  If,  for  example,  a  pendulum 
vibrates  4 — G*\  the  duration  of  the  oscillation  is  the  same  as  if  it 
vibrated  only  1". 

This  law  may  be  thus  developed.     If  the  angle  of  deviation  be 
no.  HO.  I'ot    too    large,    the    inclination   of  the 

course  towards  the  horizon  will  be  pro- 
portionate to  the  distance  from  the 
point  of  equilibrium.  If  we  suppose  a 
tangent  drawn  at  c  to  the  arc  of  the 
circle,  it  will  fonn  an  angle  with  the 
horizon  tnncc  as  great  as  the  angle  made 
with  the  horizon  by  the  tangent  at  e', 
pro\'idcd  the  arc  r'  a  be  half  as  great  as 
the  arc  c  rt.  If,  therefore,  the  pendu- 
lum begin  its  motion    at  r,  the  accc- 
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Icratini;  force  is  twice  as  great  as  when  it  bcipiis  its  descent  from 
c' ;  the  ai'C  c  d  which  we  will  nssumc  to  be  »i>  small  that  it  may  be 
considered  a  straight  line^  and  the  arc  c'  d*  only  half  the  size,  will, 
therefore,  be  trftverscd  in  an  equal  period  of  tiuiCj  if  motion  begin 
at  one  time  in  c,  and  at  another  in  c'. 

If  wc  suppose  two  equat  |>endulumB  suspended  to  an  axis,  the 
one  raised  to  r,  the  other  to  c',  and  both  poing^  off  simultaneously, 
they  will  reach  the  points  r/,  and  d'  ut  the  same  time.  liut  the 
aeeelerating  force  at  d  is  twice  as  great  as  that  at  rf',  besides  which 
the  pendulum  rtrachcs  a  point  d  with  twice  as  gi'cnt  a  vtliwity  as 
that  with  which  the  other  jmsses  the  point  d\  and  hence  it  follows, 
that  also  in  the  next  short  interval  of  lime,  the  one  pendulum  will 
have  traversed  twice  as  much  -sjiace  as  tlie  other.  By  pursuing 
this  m<>de  t»f  dwluction,  we  at  last  lind  that  both  pendulums  must 
arrive  simultaucously  at  a. 

This  reasoning  may  also  be  applied  if  the  relatitm  of  the 
angle  of  deviation  he  not  exactly  between  1 — 2",  since  the  acce- 
lerating force  is  always  proportionate  to  the  distance  from  the 
position  of  equUibrium  for  small  angles  of  deviation;  and  thus  it 
may  generally  he  proved,  that  within  certain  limits  the  deviation 
of  the  oRcillntion  is  independent  of  the  magnitude  of  the  angle  of 
delation. 

in  order  to  confirm  this  law  by  experiment,  we  must  accurately 
determine  the  time  necessary  for  a  pendulum  to  make  several 
hundred  oscillations. 

If  this  observation  be  made  at  the  beginning  of  the  motion, 
when  the  amplitude  is  4 — 5",  subsequently  when  it  only  amounts 
to  2 — 3"  ;  and  lastly  when  the  oscillations  have  become  so 
small  as  to  retpiirc  the  aid  of  the  lena  for  detecting  thcu»,  we 
shall  find  that  the  oscillations  are  truly  isochronous  at  these 
three  stages. 

3.  The  durations  of  the  oscillations  of  two  pendulums  of 
unequal  length  are  as  the  square  roots  of  the  lengths  of  the 
)>enduluins. 

We  must  suppose  the  arc  a  h  described  by  the  oscillation  of  a 
pendulum  to  be  divided  mto  so  many  parts  that  each  dinsion  may 
be  considered  as  u  straight  line.  If  now  the  angle  of  deviation  of 
a  longer  pendulum  is  equally  large,  the  are  of  oscillation  c  d  must 
be  to  the  arc  of  osedlation  «  A  as  the  lengths  of  the  pendulums  to 
each  other.  If  wc  suppose  the  arc  d  e  io  he  dividcxl  in  an  equal 
number  of  parts  as  the  arc  a  b,  these  separate  parts  will  be  to  each 
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otlur  as  the  leu^hs  of  tbe  peiululmiis.  If, 
therefoi-e,  one  iwndtilum  be  four  times  longer 
than  the  other,  the  subdivisions  of  the  nrc  d  c 
wil!  eIbo  he  fiiur  times  larfjer  than  thnsc  corres- 
ponding divisions  of  the  arc  a  b.  Tlic  angles 
made  mth  the  honzon  by  the  first,  second,  and 
third  divisions  of  the  arc  a  A,  are  equal  to  the 
angles  made  with  the  horizon  by  the  first, 
second,  and  third  divisions  of  the  fixe  c  d;  the 
"  accelerating  force  is,  therefore,  also  the  same 
on  the  corrcs|)onding  parts  of  a  h  and  c  d. 

But  if  different    spaces  be  traversed  with    equal   accelerating 

forces,  we  know  from  the  formula  s^^ /',    that    the    times    of 

falling  are  as  the  »quarc  nwts  of  the  spaces,  if,  therefore,  each  of 
the  parts  of  r  rf  were  two,  thi*ee,  or  four  times  as  large  as  the 
corresponding  divisions  of  a  A,  the  time  in  which  a  division  of  c  rf 
will  be  traversed,  nmst  also  be  \^2,  v'S,  i/4e,  s/n  times  as  long 
as  the  pcnod  occupied  in  traversing  the  corresponding  portions  of 
a  A.  But  as  this  is  tnic  of  all  the  parts,  su  it  is  also  true  uf  their 
sums,  or  in  other  words,  the  duration  of  the  oseilliiti<m  is  propor- 
tionate to  the  square  root  of  the  length  of  the  pendulum. 

In  order  to  confirm  the  accuracy  of  this  third  law  by  experiment, 
we  will  take  three  pendulums  of  diflTercnt  lengths.  If,  for  instance, 
no.  H2.  thu  lengths  are  as  the  numbers  1,  4,  i),  the  corres- 
ponding times  of  oscillation  will  be  as  the  numbers 
1,  2,  3.  Tlie  most  convenient  mode  of  exemplifying 
this,  is  by  attaching  the  balls  to  a  double  thread  as 
seen  in  the  accompanying  figure.  While  a  pendulum, 
four  feet  in  length  makes  one  oscillation,  the  pendulum 
which  is  four  times  smaller  than  the  former  makes  two 
oscillations,  and  whilst  a  ]>endulnm,  one  foot  in  length 
moves  three  times  backwards  and  forwards,  another, 
nine  feet  long  will  only  make  one  backward  and  for- 
ward motion. 

The  length  of  a  simple  pendulum  oscillating  seconds, 
is  99 1  millimetres}  if,  therefore,  the  length  of  a  second's  pendulum 
had  been  taken  as  the  unit  of  length,  it  would  have  dcWated  but 
little  from  the  metre. 

Quantity  of  Motion. — Most  forces  that  set  bodies  in  motion  act 
only  directly  upon  a  small  portion  of  the  molecules  composing  the 
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boflv-  In  striking  a  billiard-ball  wc  only  toucli  a  few  poiute  of 
the  aorface.  If"  the  wind  drive  a  ship,  it  only  preaaea  upon  the 
tails,  and  when  a  ball  is  discharged  by  powder,  the  gases  which 
give  the  imp\d»e  on  being  liberated,  press  only  upon  half  the 
surface  of  the  ball.  Notwithstambng  this,  all  parts  of  the  body 
noTe,  whether  they  be  directly  acted  npon  or  not.  Motion  must, 
therefore,  be  uniformly  distributed  to  all  the  aiolecules,  as  all 
move  simultaneously.  The  molecules  directly  struck,  impart  an 
impulse  to  those  nearest  them,  and  so  on,  until  the  whole  mass  is 
■et  in  motion.  A  certain,  although  inappreciably  small  portion  of 
time  is  necessary  for  the  transmission  of  motion  from  one  molecule 
to  the  whole  mass. 

If  a  force  act  upon  a  body,  it  will  have  produced  its  effect  as 
KO<m  as  motion  has  been  distributed  to  all  }iortions  of  the  mass, 
and  these  latter  move  with  a  common  velocity,  the  force  being 
then  transferred,  as  it  were,  to  the  btidy,  and  diffused  through  it. 

If,  therefore,  a  body  be  projected  by  the  hand,  by  the  release 
of  a  spring,  by  a  quick  push,  or  by  means  of  a  sudden  explosion, 
it  will  continue  to  move  on  af^r  the  force  has  ceased  to  act  upon 
it.  If  nothing  were  to  oj)posc  it  in  its  course,  neither  air,  water, 
nor  any  other  body,  and  if  no  force  whatever  wcrv  acting  upon  it, 
it  would  move  in  the  direction  of  the  lii-st  impulse  with  uniform 
velocity  after  a  hundred  years  in  the  same  manner  that  it  did  after 
the  tirst  second.  We  may  say  that  the  activity  of  such  a  body  is 
mumentan,*,  while  its  effect  lasts  for  ever. 

Thus  the  body  to  a  certain  ext<?nt  absorbs  the  force  acting  upon 
it,  and  we  can,  therefore,  easily  understand  how  the  same  force 
acting  upon  different  bodies  must  call  forth  very  diffei-cnt 
motions. 

A  quantity  of  powder,  sufficient  to  discharge  a  musket-ball, 
would  scarcely  raise  a  bomb;  while  a  bow  cupahli:  of  sending  a 
light  arrow  to  a  great  distance,  would  not  be  able  to  send  off  a 
heavy  one  with  as  much  s|>eed.  We  say  commonly  that  the 
grmvity  of  the  body  gives  rise  to  this  difference,  but  this  is  an 
incorrect  assertion,  since  wc  might  be  emmeously  l*^d  to  conclude 
that  if  a  body  were  to  cease  to  be  hea\7,  the  same  force  would 
move  all  bodies  with  eqiul  velocity.  Let  us  suppose,  for  a  moment, 
that  bodies  are  without  gravity,  and  assume  that  there  is  no  air 
present,  or  other  hinderance  of  motion;  the  nuisket  ball  would 
still  be  urged  on  faster  than  the  bomb,  beeansc  the  same  force 
must  pr«>ducc  a  degree  of  speed,  smaller  in  pro|H)rtion  as  the  mass 
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of  matter  to  be  moved  increases  in  size.  It  i»  one  of  the  fiinda- 
uiontal  principles  of  machines,  that  the  same  force,  acting  upon 
different  bodies,  imparts  to  them  a  velocity  inversely  proportioiuUe 
to  tlieir  masses ;  that  is  to  say,  in  an  inverse  ratio  to  the  quantities  of 
matter  composinff  them.  If,  therefore,  the  sanjc  force  discharged 
in  succession  leaden  bnlU,  wlioae  volumes,  and  likewise  whose 
masses  were  a»  the  numbers  1,  2,  3,  4,  &c.,  it  would  impart  to 
them  the  velocities  I,  \,  ^,  \,  &c.,  so  that  a  mass  ten  times 
larger  would  only  have  rVth  the  velocity.  On  multiplying  each  of 
these  maascs  with  its  velocity,  wc  always  obtain  the  same  product 
for  the  first  1x1  =  1  for  the  second  2  x  i  =  1,  &c.  The 
qnantity  thus  obtained  by  multiplying  a  body  by  its  velocity  is 
termed  qumitity  of  motion.  The  same  force  also  produces  always 
the  same  quantity  of  motion  on  whatever  body  it  acts. 

In  order  to  obtain  a  clear  idea  of  the  mode  of  action  of  various 
inaehinrs,  we  must  compare  the  quantity  of  motion,  which  the 
apjilicd  force  is  capable  of  producing  with  the  effect  obtained  by 
means  of  the  machine.  It  would  be  a  vulgai*  error  to  regard  a 
machine  as  a  source  of  force,  or  to  believe  that  the  quantitj-  of 
motion  could  be  increased  by  machinen,*.  By  machines  the  nature 
of  the  motion  is  simply  changed,  without  its  quantity  being  in  the 
least  increased  thereby. 

A  weight  of  twenty-five  pounds  may  be  easily  lifted  two  feet  and 
a  half  in  a  second,  by  means  of  a  rope  swung  round  a  simple 
pulley.  But  if  the  rope,  pulled  by  the  workman,  were  paased 
,io.  143.  ruuiid  a  wheel,  (Fig,  14«3)  and  the  load 

attached  to  an  axle  of  four  times  smaller 
\  "^^^^  diameter,    a    fourfold     larger     weight 

^  might  be  raised  by  an  equal  application 

of  force,  although  with  a  speed  fom* 
times  smaller.  If  we  examine  the 
mode  of  action  of  other  machines,  as 
the  screw,  the  pulleys  of  various  wheel 
works,  wc  shall  always  attain  to  the 
same  result,  vis.  that  what  we  gain  ou 
the  one  side  in  force,  wc  lose  on  the  other  in  speed,  and  that 
consequently  the  quantity  of  motion  is  not  at  all  increased  by 
machines. 

If  a  body  in  motion  come  into  contact  with  another  at  rest,  but 
whirh  is  easily  moved,  it  will  impart  to  the  latter  a  portion  of  its 
motion  ;  but  the  total  quantity  of  motion  is  not  thereby  altered ; 
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and  if  the  striking  body  rebound  in  coaacqutncc  of  clastieity,  and 
tho  impulse  were  ccutrally  applied,  both  bodies  will  move  on  in 
the  naine  dircctiou  after  cuuiing  into  contaet.  If  the  mass  of  the 
body  at  rest  bt;  cqufil  to  that  of  the  one  striking  it,  the  speed  of 
motion  will  be  dimiuiished  to  the  half  after  contact,  as  the  mass 
has  been  doiilded.  From  this  n*c  may  easily  sec  that  in  order  to 
find  the  rehitiou  of  the  speed  before  contact,  to  that  of  the  8|>ced 
subsc(|ueutly  manifested,  we  have  only  to  divide  the  mnas  of  the 
body  moved  by  the  sums  of  the  masses  of  the  body  moved,  and 
the  body  at  rest.  If,  for  instance,  a  niuski't  hull  of  ^'„  lb.  were  to 
vtnke,  with  a  speed  of  1300  feet  in  a  second,  u  ball  of  l-S  lbs.  at 
re«tj  but  easily  moveable  and  susjiendcd  to  a  long  line,  the 
common  speed  after  the  blow  would  be  to  1300  as  ^  is  to  4'8+A, 

or  aa  1  to  961  ;  that  is,  it  would  bo  oidy  alxtut  -^-~  or  about  li 

feet  in  a  second. 

If  a  similar  mur^kct  ball  were  to  strike  against  a  large  block  of 
stone  or  a  rock,  it  would  also  impart  a  motion  to  it,  but  the  speed 
would  be  vei*y  inconsiderable  ;  for,  if  the  block  of  stone  were 
500  lbs.,  the  common  speed  after  the  contaet  as  may  easily  be 
reckoned,  would  be  only  one  inch  in  the  second.  But  friction, 
however,  soon  destroys  this  motion  which  by  degrees  distributes 
itself  to  all  neighbouring  bodies,  and  tiiudly  to  the  whole  earth, 
and  thus  entirely  disap|)ears. 

Motion,  therefore,  distributes  itself  to  other  bodies,  but  is  not 
lost.  If  it  appear  wholly  destroyed,  the  reason  is,  that  by  its 
gradual  distribution  to  other  bodies,  it  finally  becomes  imper- 
ceptible. Motion  is  necessarj*  to  destroy  motion ;  resistance  only 
scatters  without  destroying  it. 

The  {material)  Peuduhim.  —  The  above  developed  laws  apply 
strictly  speaking  only  to  an  ideal  pendulum.  Such  a  pendu- 
lam  we  may  conceive,  but  we  cannot  construct,  for  it  must 
consist  of  a  simple  thread  devoid  of  all  weight,  and  having  at  its 
extremity  only  a  heavy  point. 

Every  pendulum  not  corresponding  with  both  these  conditions 
is  a  compound  pendulum.  An  inflexible  rod  devoid  of  weight  on 
which  arc  two  hea\*y  molecnlcK,  m  and  n  would  consequently  be 
a  comiMund  pendulum. 

The  molecule  m  nearer  to  the  point  of  suspension  than  n,  has  a 
tendency  to  vibrate  more  rapidly,  but  as  both  molecules  are 
combined,   m  will   hasten  the  motitm  of  n,  and  conversely  n  will 
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no.  144.  retard  that  of  m :  the  vibrations  will  ou  tliut 

account  move  with  a  velocity   varying  between 

the  degrees  of  velocity  with   which  each  of  the 

molcculca  m  and  n  would  oscillate  alone.  They 

\  arc  equal  to  the  oscillations  uf  a  Himple  pcndu- 

\  lum  longer  than  fm,  and  shorter  than  /  n. 

/       j       \         It  is  the  same  with  every  material  peudidiim. 

/         j         \       Those  parts  lying  nearest  the  central  point  of 

!  \      vibration  in  the  pendulum  have  their  motion 

*,,  i       _,...-i    retarded  by  the  most  remote,  while  the  latter 

arc  accelerated  by  the  parts  most  contiguous 

to  the  point  of  suspension.     There  must  consequently  be  a  point 

in  everj'  compound  pendulum,  which  is  not  acted  upon  by  the 

re^t  of  the  mass  of  the  pcnduhun,  vibrating  exactly  as  fast  aii  a 

dimple  pendulum,  whose  length  is  eqnal  to  its  distance  from  the 

point  of  suspension.     This  is  called   the  centre  of  oscillation.     If 

we  speak  of  the  length  of  a  eomi)oimd  pendulum,  we  midei-stand 

by  the  term  the  distance  of  this  jmint  from  the  point  of  suspension, 

or  what  is  the  same  thing,  the  length  of  a  simple  pendulum  of  an 

equal  time  of  oseUlation. 

A  pendulum  consisting  of  a  fine  thread  at  whose  lower  end  a 
ball,  or  a  double  e^ne,  of  a  substance  of  great  specific  gravity  is 
attachwl,  approaches  most  nearly  to  the  simple  pendulum.  If  the 
thread  be  somewhat  long,  and  the  diameter  of  the  ball  somewhat 
small  in  proportion  to  the  length  of  the  pendulum,  we  may  without 
any  serious  error  take  the  centre  of  gravity  of  the  bull  as  the  jioint 
of  oscillation  of  the  pendulum,  or  in  other  words,  we  may  take 
such  a  |>endulum  for  a  simple  one. 

In  every  actual  pendulum,  however,  which  differs  more  consi- 
derably from  the  form  of  a  simple  p^'ndulum  ;  the  centre  of 
gravity  ia  by  no  mcaus  the  centre  of  oscillation ;  it  is  in  most  cases 
a  difficult  problem  to  ascertain  by  calcidation  where  the  centre  of 
oscillation  lies  in  an  actual  pendulum,  l)ecause  in  a  computation  of 
this  kind,  we  must  not  only  have  regard  to  the  accclc»*ating  force 
of  gravity  of  the  individual  points  lying  at  different  distances  from 
the  point  of  sucfpension,  but  also  to  the  resistance  op]>odcd  to  an 
acceleration  of  motion  owing  to  the  inertia  of  their  mass. 

The  simplest  way  of  seeing  that  the  centre  of  oscillation  of  an 
actual  pendulum  cannut  coincide  with  its  centre  of  gravity  is  by 
observing  a  pendulum  in  which  a  portion  of  the  mass  lies  above  the 
point  of  suspension.    Such  a  pendulum  vibrates  considerably  slower 
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than   it    wonld   do,  if  its   centre   of  gravity   were  the  centre  of 
oBcillation. 

Fig.  145  rcprescntfl  an  evenly  divided  rod  proWded  in  the  middle 
no.  145.  with  an  edge  similar  to  what  forms  the  fulcnun  of  the 
beam  of  a  balRnce.  If  now  wc  fasten  a  leaden  mass 
weighing  tm'o  pounds,  one  decimetre  above,  and  another 
of  the  same  weight  equally  far  below  this  edge,  and 
place  the  edge  upright  on  its  support,  the  rod  with  its 
weights  will  be  in  a  condition  of  indifferent  cquiUbrium, 
for  the  centre  of  gravity  of  the  system  corresponds 
with  the  fulcmm ;  as  stKiti,  however,  as  we  attach  a 
small  extra  weight  to  the  lower  end  of  the  rod,  the 
whole  becomes  a  pcndulnm.  But  the  oscillations  of 
this  pendulum  arc  much  slower  than  those  of  a  simple 
pendulmu  of  the  length  a  b,  for  the  only  force  that 
sets  the  whole  system  in  motion  ia  the  gravity  of  the 
lower  leaden  weight ;  this,  however,  has  not  only  its 
own  mass  to  move,  but  also  the  masses  of  the  weights 
at  c  and  d. 

We  thus  easily  perceive  why  the  beam  of  a  balance^  which  may 
be  considered  aa  a  pendulum,  vibrates  so  slowly,  although  its  centre 
of  gravity  is  close  to  the  jwint  of  suspension,  and  why  it  must 
vibrate  very  rapidly  if  the  centre  of  gravity  were  really  the  centre 
of  oscillation. 

Tfie  Pendulum  Clock. — The  most  important  application  of  tlic 
pendulum  is  for  the  regulation  of  clocks.  Kvcry  clock  must  have 
an  accelerating  force  to  produce  and  maintain  motion.  From 
what  has  been  said,  however,  concerning  uccclerating  forces,  it  is 
evident,  that  if  some  other  equal  force,  or  hinderance  of  motion 
do  not  oppose  the  accelerating  force,  motion  cannot  remain  uniform, 
but  will  become  faster  and  faster  as  in  a  falling  body.  In  our 
large  upright  clocks,  thia  accelerating  force  is  produced  by  weights, 
hnng  to  a  line  passed  round  an  horizontal  axle.  If  the  weight  be 
drawn  do^vn  by  its  gravity,  the  axle  will  be  turned  by  the  line,  and 
the  whole  machinery  set  in  motion.  But  the  motion  of  a  falling 
weight  is  an  accelerating  one,  consequently  the  check  umst  at 
first  go  slowly,  then  more  and  more  quickly,  unless  its  course 
were  regulated,  and  this  regulation  is  effected  by  means  of  the 
pendulum . 

Fig.  146  exhibits  the  manner  in  which  the  pendulum  regulates 
the  going  of  a  clock.     A  toothed  wheel  is  fastened  to  the  axis  to 
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"*»•  US'  which  the  line  with  the  weight 

is  attached.  The  axis,  round 
which  the  ])e»duJum  vibrates  is 
above  this  wheel,  and  to  this 
axis  is  secured  a  beam  a  b, 
which  catches  the  teeth  of  the 
wheel  on  cither  side.  The 
fig:«re  represents  the  pendulum 
1^  i  ^  ill  the  position,  where  it  is  at 
the  extreme  left  aide.  The 
wheel  is  turned  by  the  weight 
in  the  direction  of  the  arrow, 
but  cannot  p3  on,  having;  the 
twth  1  held  by  the  tooth  b  of 
the  lever ;  aa  soon,  however,  as 
the  pendulum  vibrates  bock 
again,  b  rises,  and  the  tooth  1 
ia  suffered  to  pass,  bat  the 
motion  of  the  wheel  is  again 
inmiediately  arretted,  because 
the  tooth  a  at  the  other  end  of 
the  lever  now  descends,  pressing 
ajjcainst  the  tooth  2  of  the  wheel ; 
thus  the  wheel  can  move  one 
tooth  at  every  oscillation,  and 
the  same  every  time  the  pendu- 
lum returns,  and  thus  the 
motion  of  the  wheel  is  regulated 
by  the  movements  of  the  peo- 
duluDi.     Such  a  contrivance  is  called  an  escapemeni. 

In  watches,  the  weight  is  replaced  by  a  tensely  drawn  steel 
spring,  and  the  pendulum  by  a  fine  spring  vibrating,  owing 
to  its  elasticity  romid  its  i>oint  of  cquiUbrium.  Clucks  mode 
in  Paris,  and  which  there  went  quite  well,  were  found  to  loose 
when  brought  near  the  equator,  so  that  it  was  necessary  to  shorten 
their  pendulums.  Hence  it  follows  that  the  same  pendulum  goes 
more  slowly  at  the  equator  than  near  the  poles,  and  consequently 
that  the  action  of  gravity  is  less  at  the  equator  than  at  the  poles. 
Tliis  is  owing  to  two  causes;  first  the  flattening  of  the  earth,  and 
secondly  the  centrifugal  force  produced  by  its  rotAtion  round  it« 
axis,  and  which  is  stronger  at  the  equator. 
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hnpt^dimenh  to  Motion. — A  resistance  already  nften  spolcen  *»f, 
and  wlii«h  exercises  a  considerable  inHiienee  upon  ulniost  all 
motions,  is  friction.  In  order  to  propel  a  load  of  moderate  size 
along  a  borizontul  plane,  n  eonsiderablc  appHeHttion  c»f  fnree  \» 
necessary  arising  entirely  from  the  resistanee  offnction.  If  the 
plane,  on  which  the  mass  is  to  be  propelled,  as  well  ns  the  under 
snrfacc  of  the  load,  be  perfectly  hard  and  amootb,  (which  is 
never  the  case  in  nature)  the  smallest  fiiree  niiglit  set  a  ver\'  large 
mass  in  motion,  and  once  impelled,  the  load  would  move  on  with 
uniform  speed  on  the  horizontal  plane. 

Friction  arises  incontestibly  from  the  elevations  of  one  of  the 
surfaces,  entering  into  the  depressions  of  the  latter.  If  now 
motion  is  to  occur,  the  projecting  pails  must  be  torn  away  from 
the  mass  of  the  body,  or  the  one  body  nnist  be  continually  lifted 
over  the  inequahties  of  the  other.  The  Hrst  occurs  if  one  or  both 
the  rubbing  snrfaees  arc  verj'  rough.  If,  however,  the  rubbing 
surfaces  e^n  possibly  be  smoothed,  the  last  named  mode  of  action 
almost  exclusively  takes  place. 

The  accompanying  figure  may  scne  to  cx]»lain  the  manner  in 

which  rcsistHDCc  to  motion  arises, 
if  a  body  must  be  lifted  over 
small  inequalities.  The  lifting  of 
the  body  A  is  effected  by  raising 
the  lowest  points  of  the  projections 
of  A  to  the  simioiit  of  the  inequa- 
lities of  the  under  layer,  whence 
they  must  again  slide  down,  and 
the  same  raising  and  lowering  be  repeated.  The  resisluuce 
opposed  here  by  A  to  the  motion,  is  no  other  than  what  must  be 
overcome  to  draw  it  up  an  entirely  smooth  inclined  plane. 

If  this  new  of  friction  be  correct,  the  laws  relating  to  it  must 
admit  of  being  proved  by  experiment. 

In  order  to  overcome  friction  wc  must,  exactly  as  in  drawing 
the  body  up  an  incliued  ]}laue,  apply  a  force  equal  to  an  aliquot 
part  of  the  li>ad.  Tlur  number  that  gives  the  relation  of  the  force 
to  the  weight  is  termed  the  co-efficient  of  friction.  It  naturally 
depends  upon  the  peculiarities  of  the  rubbing  siufnces,  and  can  be 
diienuined  by  experiment. 

If,  for  instance,  wc  would  propel  a  load  of  one  cwt.  upon  an 
hnriKontal  layer  of  iron  (on  the  line  of  a  railroad  for  instance),  and 
if  the  under  surface  cif  the  truck  were  also  iron,  a  force  of  27,7  lbs. 
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would  be  necessarj',  that  is  to  say  the  aaiiic  expenditiire  of  fori!« 
that  would  l>e  ifqiusitc  for  lifting  27,7  lbs.  vertically  up.  When 
iron  nibs  on  iron,  the  resistance  of  friction  is  a»  wc  sec  27,7  |H!r 
cent,  and  the  coefficient  of  friction  in  this  case  is  0,277.  In  order 
to  ascertain  the  coefficient  of  friction  for  different  bodies,  we  may 
make  use  of  an  apparatus  as  seen  at  Fig.  10.  The  board  R  S  is 
placed  in  a  horizontal  position.  Suppose  this  board  to  fx'  of  onk, 
we  lay  a  block  of  oak  upon  it,  whose  under  surface  must  also  be 
well  planed,  weighing  1000  grammes ;  a  line  is  attached  to  this 
block  of  oak,  and  passed  round  a  pulley  as  in  the  experiments  of 
the  inclined  plane,  cari*jinp  a  light  scale-pan.  This  latter  will  not 
be  BufGcient  to  produce  motion,  which  will  not  begin  before  the 
weight  of  the  scale  pan,  and  of  the  weights  together  amount  to 
418  grammes,  ^ye  obtain  by  this  cApcrinient  the  cocfHcient  of 
friction  of  oak  upon  oak,  and  find  them  to  be  0,418. 

If  we  idter  the  substance  of  the  body  to  be  moved,  as  well  aa  of 
the  body  supporting  it,  wc  may  ascertain  the  coefficient  of  friction 
of  different  bodies.  The  following  table  contains  some  of  the  most 
practically  important  ctjcfficients  of  friction. 


Iron  upon  iron 
Iron  upon  brass 
Iron  upon  copper 

Oak  upon  oak 

Oak  upon  pine 
Pine  ujwn  pine 


0,277 
0,263 
0,170 

[0,118  = 
[0.273  + 

0,G67 

4,5fi2 


The  resistance  of  friction  may  be  diminished  by  the  application 
of  well  chosen  oleaginous  suhstanees.  Oil  is  the  Ijest  for  metal, 
white  tallow  answers  Ijcst  for  wwid. 

In  woods  it  is  by  no  means  a  matter  of  indifference  which  w«y 
the  fibres  run  ;  friction  is  much  less  considerable  where  they  run 
across  {  +  )  than  where  they  an-  parallel  {=). 

From  what  has  been  said,  it  is  directly  shown  that  friction  is 
always  ])ro|>ortionate  to  the  weight.  If,  for  instance,  in  the  above 
cxjwriment  wc  had  taken  a  block  of  oak  weighing  2000  grammes, 
wc  should  have  had  to  attach  836  grammes  to  the  rope,  in  order 
to  overcome  tl»c  friction. 

The  size  of  the  surface  in  contact  cannot,  according  to  the  above 
viewH,  exert  any  influence  on  the  amount  of  friction ;  this  may  be 
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also  proved  by  experiment.  Suppose  that  tlie  bloclc  of  wckkI  have 
lateral  surfaees  of  different  size,  bo  difference  will  be  found  in  the 
result,  whichever  surface  of  the  block  touch  the  wood. 

The  above  described  kind  of  frietion  is  termed  slidint)  friction, 
in  order  to  distinguish  it  from  the  roiling  Jriction,  which  we  proceed 
to  consider  more  attentively. 

Slidine  frietion  always  oreurs  where  pins  or  axea  revolve  in  their 
supports ;  in  order  tlie  better  to  take  into  account  the  effect  of 
friction  in  this  case,  we  need  only  consider  that  it  acts  precisely 
like  a  correspond  in  ft  weight  suspended  to  a  string  paswd  round  the 
same  axle.  liCt  us  by  way  of  illustration  examine  the  effect  of 
friction  on  the  windlass.     liCt  the  weight  of  the  a\lc  with  every 

thin^  that  is  fastened  to   it,  be  about 
Ti»,  148.  75  lbs.,  the  stone  to  be  raised  100  lbs., 

and  the  force  acting  on  the  cir- 
cumference of  the  wheel  be  25  lbs., 
then  the  combined  pressure  sus- 
tained by  the  proyts  of  the  axle,  will 
be  75  +  100  +  23  =  200  lbs.  if 
the  props  be  of  brass,  but  the  ex- 
tremities of  the  axle  be  of  iron,  the 
resistance  of  friction  acting  on 
the  circumference  of  the  ends  of 
the  axle  will  be  26,3  per  cent. ;  the 
eflbct  of  friction  is,  therefore,  the  same  ae  if  in  ])lace  of  this  wc 
had  passed  a  line  round  the  ends,  in  the  same  direction  as  the  line 
benriiig  the  weight,  and  had  attached  to  it  n  weight  200x0,263 
or  52,6  lbs.,  or  as  if  the  load   acting  at  the  cireuiiifcrencc  of  the 

52  6 
aiic  had  been       —  or  10,5  lbs.  larger,  provided  that  the  diame- 
ters of  the  rods  were  t  of  that  of  the  axle.     Thus  about  10  per 
ecnt  of  the  force  applied,  is  lost  in  this  windlass,  in  overcoming 
the  resistance  of  friction. 

It  now  remains  to  notice  roUing  friction.  Hulling  friction  occurs 
where  a  round  body,  as  a  hall,  or  a  cj-lindcr  rolls  ahmg  a  surface. 
Here  the  supporting  under  surface  comes  always  in  contact  with 
new  poiuts  of  the  rolling  body.  The  resistunee  that  arisen  here  is 
by  izT  less  than  the  resistance  of  sliding  friction,  as  may  be  seen 
from  the  following  consideration. 

If  we  wish  to  propel  the  round  body  A  over  the  surface  on 
which  it  rests,  we  must  begin  by  drawing  it  to  a  little  inclined 
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no.  U».  plane  c  b,  when   its  centre  of  gravity 

will  be  raised  as  much  as  c  lies  below 
b.  But  by  rolling  on  the  body  A^  it 
will  turn  round  the  poiut  b,  by  which 
its  centre  of  gravity  will  only  be  raised 
from  d  to  e.  The  difference  of  height, 
however,  between  d  and  e,  is  much 
less  than  tlie  difference  of  height 
between  e  and  6.  Let  us  suppose  a 
spherical  arc  to  be  dra\ni  round  the 
central  jxjiut  (/,  and  through  the  points 
a  and  b^  the  lowest  point  of  this  arc  will  be  as  much  below  6,  as 
d  is  below  e.  But  as  the  lowest  point  of  the  arc  a  b  still  lies 
high  above  c,  we  may  easily  understand  that  the  alternate  rising 
and  falling  of  the  centre  of  gravity,  is  much  less  considerable 
in  rolling  than  in  sliding  friction.  We  also,  however,  perceive 
that  the  resistance  of  friction  depends  mainly  here  upon  the  radius 
of  the  rolling  body.  Tlie  larger  this  radius  is,  the  smaller  will 
be  the  resistance.  In  other  respects,  resistance  is  here  likewise 
proportionate  to  the  load. 

In  the  wheel  of  a  carriage  there  is  rolling  friction  at  the  circum- 
ference of  the  wheel,  but  sliding  friction  at  the  axles.  Both 
resistances  become  smaUer  in  proportion  to  the  larger  diameter  of 
the  wheels. 

In  both  kinds  of  friction  adhesion  has  considerable  inffuence. 
In  a  locomotive,  the  middle  wheels,  the  so  called  driving  wheels 
arc  turned  by  the  force  of  the  steam  engine ;  the  whole  carriage 
rolls  on  in  cousequencc  of  this,  for  if  it  were  to  remain  at  rest,  the 
wheels  could  not  revolve  without  the  occurrence  of  a  considerable 
sliding  friction  between  the  wheels,  and  the  iron  (jn  which  they 
ran,  whilst  by  rolling  on  the  incomparably  smaller,  rolling  friction 
has  alone  to  be  overcome.  If  a  locomotive  be  attached  to  a 
number  of  carriages,  a  certain  resistance  of  friction  must  be 
overcome  during  the  continuance  of  motion,  rolling  friction  at 
the  circumference,  and  sliding  friction  at  the  axles.  All  tbeac 
resistances  must  l>e  overcome  if  the  carriage  is  to  he  drawn 
onward. 

It  is  evident  that  the  number  of  carri^^s  attached  might  at 
last  be  so  increased  that  the  locomotive  would  no  longer  he  able  to 
draw  them ;  in  this  case,  therefore,  the  wheels  of  the  locomotive 
would  revolve  without  its  being  borne  forward,  when  the  consider- 
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able  friction  of  the  sliding  friction,  at  the  circumference  of  the 
driving  wheels,  would  have  to  be  overcome  by  the  force  of  tlie 
machine. 

The  train,  therefore,  can  only  proceed  if  the  sum  of  all  the 
reRiBtancea  of  friction  of  all  the  carriages  is  smalk-r  than  the 
resistance  of  the  sliding  friction  from  the  rotation  of  the  driving 
wheels  of  the  locomotive  at  the  circumference  which  would  exist 
were  there  no  forward  motion. 

From  these  couh idem t ion »,  it  follows,  that  the  load  which  a 
locomotive  is  capable  of  drawing,  depends  not  only  upon  the  force 
of  its  steam  engine,  but  always  upon  its  weight.  If  we  assume 
that  two  locomotives  have  equally  strong  machines,  but  that  the 
one  is  heavier  than  the  other,  a  larger  weight  may  be  pro|x:]led  by 
the  heavier  of  the  two. 
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If  we  moke  an  opening  in  the  lateral  wall,  or  the  bottom 
of  a  vessel  filled  with  liquid  and  open  at  the  top,  and  if  the 
aperture  thus  made  be  small  in  comparisuu  with  the  dimensions  of 
the  vessel,  the  liquid  will  How  out  with  a  velocity  whose  intensity 
will  be  in  proportion  to  the  depth  of  the  opening  below  the  surface 
of  the  liquid.  The  connection  existing  between  the  velocity  of  the 
escaping  liquid,  and  the  height  of  the  pre«8ure  may  be  most  simply 
expressed  in  the  following  manner.  Tke  velocity  of  the  escaping 
lujuid  w  exactly  as  great  as  tke  velocity  a  freely  fulling  body  would 
ac(piire,  if  it  were  to  fall  from  the  surface  of  the  liquid  to  the 
aperture  through  which  the  liquid  escapes. 

This  proposition  is  known  by  the  name  of  the  Toricellian 
theorem.     It  may  be  explained  in  the  following  manner. 

no.  150,  If  the  liquid  layer,  abed  (Fig.   150)  imme- 

diately above  the  opening  a  b,  were  to  fall  down 
without  being  •cceleratcd  by  the  liquid  pressing 
over  it,  it  would  flow  from  the  opening  with 
a  velocity  corresponding  to  the  height  a  f, 
which  we  will  designate  as  h.  This  velocity  is 
c  =  »/  2  g  h.  But  now  the  escapmg  stratum 
is  not  only  accelerated  by  its  own  gravity,  but 
^  by  the  grft^nty  of  all  the  liquids  pressing  u]x>n  it. 

The  accelerating  force  of  the  gravity  g  is,  consequently,  to  the 
accelerating  force  y',  actually  propelling  the  liquid  particlea,  as  a  c 
is  to  o/,  or  as  A  is  to  s  if  the  height  of  pressure  be  designated 
by  St  that  is 

h:s  —  g:g'y 
and,  therefore,  the  accelerating  force  g*  acting  upon  the  liquid 

layer  flowing  out  is   =  f  '•     ^^^^  if  ^^  accelerating  force  acting 
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upon  this  layer  be  g'  and  not  g,  then  its  velocity  c*  =  '/2g'  h; 
and  it*  we  add  the  value  of  ^'  to  this  value  of  c,  we  obtain  as  the 
value  of  the  velocity  of  the  escaping  flxiid 

c'  =  v'  2  ^  s. 

But  this  is  the  same  velocity  aa  that  acquired  by  a  body  falling 
freely  from  a  height  t. 

From  this  proposition  it  immediately  follows  that : 

1.  The  velocity  of  the  efflttx  d^en^s  vnhj  upon  the  ttejith  of  the 
aperture  below  the  surface,  and  not  upon  the  nature  of  the  liquid. 
At  equal  heights  of  pressure,  water  and  nicrcmry  will,  therefore, 
flow  out  with  equal  velocity.  Every  layor  of  mercury  will  certainly 
be  driven  out  by  a  pressure  13,6  times  greater  than  that  acting  on 
water,  but  then  the  mass  of  a  particle  of  mercurj'  is  13,6  times 
heavier  than  that  of  an  equally  large  particle  of  water. 

2.  The  velocities  of  efflua:  are  aa  the  square  r&ots  of  the  heights  if 
preasure.  The  water  must,  therefore,  flow  with  ten  times  greater 
velocity  from  an  opening  100  centimetres  below  the  level  of  the 
liquid,  than  from  a  depth  uf  only  one  centimetre  below  the  same 
level. 

In  order  to  determine  the  velocity  of  efflux,  the  simplest  way  is 
to  observe  a  jet  issuing  vertically  or  horizontally  from  the  vessel. 
AVc  will  first  consider  the  vertically  directed  jet. 

If  the  water  spring  forth  from  the  opening  o  {Pig.  151)  with  the 

same  velocity  as  if  it 
were  to  fall  fron»  the 
level  of  the  liquid  in 
the  vessel  to  the  height 
of  the  opening  o,  the 
jet  of  water  must 
rise  again  to  the  ele- 
vation of  the  liquid- 
level.  We  may  easily 
show  this  by  the  help 
of  the  apparatus  re- 
presented in  Fig.  152, 
letting  the  water  flow 
from  the  opening  c; 
and  we  shall  then 
find  that  the  ascend- 
ing jet  of  water  does 
not  attain    to  any  thing  like   the    height   that  might   be  ex- 
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pected.  The  inipcdimcnU  to  motion  arc,  however,  the  sole 
cause  of  the  water  not  attaining  the  height  yielded  by  theory ;  the 
water  falling  back  from  the  top  exerts  an  essential  influence  in 
hindering  the  free  ascent  of  the  succeeding  water;  and  conse- 
quently the  jet  rises  the  higher  immediately  the  apertore  of 
efflux  is  so  turned,  that  the  water  flowing  out  may  make  a  small 
angle  with  the  vertical  that  is,  that  the  ascending  and  descending 
jcta  may  be  close  to  each  other.  In  this  case,  the  jet  may  under 
favaurabic  circumstances,  that  is  where  there  ir  the  smallest  pos- 
sible friction,  attain  an  elevation  0,9  of  the  height  of  the  pressvvre. 
A  stream  of  water  flowing  out  in  an  horizontal  direction  describes  a 
parabola,  the  form  of  which  depends  upon  the  velocity  of  its  efflux. 
Siipjwising  that  the  upening  a  (Fig.  153)  were 0,1"  belowthe  water 
no.  IM.  level,  the  velocity  of  efflux 

would  be  according  to  the 
Toricellian  law,  v'  2.9,8.0,1 
^l  ^\  _  =1,4*'.   If,  therefore,  a  par- 

ticle of  water  were  at  any 
moment  to  flow  from  the 
opening,  it  would  in  one 
second  be  1,4"  from  the 
vertical  wall  of  the  vessel, 
^  and  0,28*"  in  tV  of  a  second. 
But  in  0,2  of  a  second,  the 
water  falls  0,190"  (wc  find  this  on  substituting  the  value  0,2  for  1  in 

the  equation  s  =  ^  Z^) ;    if  now  wc   measure  the  length  a  b  ^ 

0,196"  downwards  from  the  opening  a,  an  horizontal  line  drawn 
from  b  towards  the  jet  of  water  will  intersect  the  latter  at  a 
distmicc  of  0,28",  In  making  the  experiment,  the  distance  b  c 
will  be  somewhat  less  than  0,28"  owing  to  the  action  of  friction- 
According  to  theory,  the  water  should  flow  from  a  second 
opening  d  40*",  below  the  surface,  with  a  velocity  double  that  at  a ; 
it^  therefore,  we  measure  196""  from  d  downwai'd,  and  then 
suppose  a  horizontal  line  drawn  towards  the  jet  it  must  intersect 
the  latter  at  a  distance  of  0,56". 

The  quantity  of  water  issuing  from  an  opening,  in  a  given  time, 
depends  evidently  upon  the  size  of  the  opening,  and  the  velocity 
of  the  efflux.  If  all  the  particles  of  water  ])as3ed  the  opening  with 
the  velocity,  corresponding  according  to  the  Toricellian  law  with  the 
height  of  the  preasure,  the  water  flowing  out  in  one  second  would 
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fonii  a  cylinder  whose  base  would  be  equal  to  the  opening,  and  its 
height  equal  to  the  distance  dcscri(x;d  by  a  particle  of  water  (owing 
to  ita  velocity)  in  a  aecond.  This  distance  is^  however,  the 
velocity  of  the  efflux  itself,  and  therefore,  V2^*,  and  designating 
the  area  of  the  opening  by  /,  the  quantity  expelled  in  a  second 
will  be 

If  wc  assume  that  the  a])crture8  in  and  n  are  circular,  and  that 
their  diauieler  is  5""",  tlic  area  of  the  opening/ =  19,625  square 
niillimctrea,  or  0,U>625  square  centimetrijs,  if  the  height  of  the 
pri'seurc  be  ten  centimetres,  the  velocity  of  the  efflux  will  be  as  we 
have  already  computed  1.4^  =  I-IO^"",  and  therefore 

m  =  0,10625  X  I'lO  =  27,475  cubie-ccntimctrcs. 

In  a  minute,  therefore,  1648,5  cubic-centimetres,  or  148,5 
cubic-centimetres,  more  than  1^  litres  must  How  out. 

An  aperture  of  equal  size  lying  ^10""  below  the  water-level,  must 
yield  double  as  much  in  one  minute  j  that  is,  3  litres  and  297 
cub ic-centi metres  of  water. 

If  wc  make  the  experiment,  we  iind  that  the  upper  opening  only 
yields  about  1  litre  and  55  cubic-centimetres,  and  the  lower  one 
2  litres  and  110  cubic-centinietrra. 

lliis  difference,  between  the  theoretical  and  the  actually  obscncd 
quantity  of  the  discharge,  proves  iiieontrovertibly  that  all  the 
particles  of  water  do  not  pass  the  aperture  with  a  velocity  corres- 
jHjnding  to  the  height  of  the  pressure.  In  fact  it  is  only  those 
particles  of  water  lying  in  the  centre  of  the  opening  that  have  this 
velocity,  while  that  of  the  particles  flowing  nearer  to  the  edge  of 
the  opening,  is  much  less  considerable,  as  wc  shall  see  from  the 
following  observations. 

In  a  wide  vessel  having  a  narrow  opening,  the  whole  liquid  mass, 
with  the  exception  of  the  parts  iu  the  vicinity  of  the  ajjcrture,  may 
be  regarded  as  at  rest.  The  layers  that  auccesaively  How  out,  do 
not  begin  their  motion  simultaneously,  the  foremost  having 
Attained  the  maximum  of  their  velocity,  whilst  the  most  backward 
are  beginning  their  motion.  Tlic  consequence  of  this  would  be  a 
breaking  up  of  the  successive  layers  if  raowi  could  be  formed ;  as 
this,  however,  cannot  occur,  the  separate  laycre  become  more 
elongated  while  their  diameter  diminishes;  but  in  the  proportion 
that  the  diameter  of  these  layers  diminishes,  other  particles  of  water 
most  flow  on  from  the  sides ;  as  these,  however,  only  begin  later 
tlkcir  motion  at  right  angles  to  the  opening,  it  is  clear  that  they 
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must  reach  the  opening  with  less  velocity  Own  the  centrml  lines 
of  water. 

Whilst  the  nucleus  of  the  jet  has  a  velocity  corresponding  to 
the  height  of  the  pressure  at  the  moment  of  its  leaving  the  aperture, 
it  is  surrounded  by  lines  of  water,  whose  velocity  diminishes  in 
proportion  as  they  approach  the  edge  of  the  aperture :  whence  it 
follows,  that  the  quantity  flowing  out  must  be  less,  than  if  all  the 
particles  left  the  opening  with  the  velocity  of  the  nucleus  of  the 
jet. 

The  water  flowing  out  is  not  perfectly 
cylindrical,  but  contracted  at  the  opening 
as  seen  in  Fig.  154,  in  con»cqucnce  of 
the  central  lines  of  water  at  their  passage 
through  the  opening  having  a  greater 
velocity  than  the  parts  near  the  cdgea, 
and  in  consequence  of  the  latter  being 
possessed  of  a  velocity  directed  towards 
the  centre  of  the  jet.  At  c  d  the 
diagonal  section  of  the  stream  is  about  equal  to  two  thirds  of  the 
area  of  the  opening.  In  like  manner  the  actual  quantity  of 
water  L*\pt:Uc;d  is  about  two  thirds  of  tlic  thcoretieal. 

Influence  of  conductiny  tubes  upon  the  tjuantity  of  liquid  discharged. 
— If  the  efflux  does  not  take  place  tkrou^li  openings  made  in  a 
thin  wall,  but  through  short  tubes,  remarkable  modifications 
occur,  which  we  puri>u&e  considering. 

If  a  conducting  tube  have  exactly  the  form  of  the  iroc  jet 
from  the  opening  to  the  part  where  the  latter  eontracts,  and 
exactly  the  length  l>etwccn  these  two  points,  it  will  exercise  no 
influence  upon  the  quantity  of  liquid  discharged. 

In  cylindrical  pipes,  the  water  either  pours  freely  out  as  firom 
an  opening  of  equal  diameter,  in  whicli  case  no  inlluencc  ia 
exercised  upon  the  quantity  of  liquid,  or  the  water  adheres  to  the 
walls  of  the  pipes,  so  that  the  liquid  fills  the  whole  pipe,  aud 
Hows  forth  in  a  stream  having  the  diameter  of  the  pipe ;  in  this 
case  the  pipe  considerably  influences  the  quantity  discharged. 
Whilst  an  opening  in  a  thin  wall  jncUls  theoretically  0.64  of  Uquid, 
we  obtain  by  such  a  cyhndrical  c(»uducting  pipe  of  like  diaaieti^r 
84  p.  c,  provided  the  length  of  the  pipe  is  equal  to  four  times  its 
diameter.  The  stream  always  adheres  to  the  pipes  at  lower,  while 
it  is  free  at  greater  pressures.  Wlicre  therv  is  a  medium  pressure, 
it  may  be  made  free  or  adherent  at  pleasure ;  an  inconsiderable 
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imjK'diment  will  occasion  adhesion,  while  a  very  slight  tonch  is 
often  sufficient  to  render  the  stream  i'lTC. 

A  conical  conductinj;  pipe  acts  in  case  it  discharges  when  fullj 
iu  the  same  manner  as  a  cyliudrical  pipe,  excepting  that  it 
occasions  an  increased  efflux. 

The  speed  of  the  efflux  is  diminished  in  cylindrical  or  conietd  con- 
ducting pipes  in  the  Rame  proportion  as  the  quantity  of  discharge 
is  increased. 

Wc  must  now  exaniinc  how  it  happens  that  conducting  pipes 
increase  the  quantity  of  Uqnid  discharged,  while  on  the  contrary 
they  diminish  the  velocity  of  the  efflux. 

The  water  suffers  a  contraction  on  entering  the  conducting  pipe, 
in  the  same  manner  as  if  it  were  discharged  from  au  opening  in 
a  thin  wall,  but  besides  this,  as  soon  as  the  walls  of  the  pipe  are 
wette<l,  adhesion  acts  in  such  a  manner  on  these  walls  that  the 
conducting  tubes  become  entirely  filled,  and  the  diagonal  section 
of  the  stream  thus  increase!*,  being  at  its  exit  from  the  pipe  larger 
than  at  the  place  of  c<mtraetion  as  may  be  seen  at  Fig  155.     Tliat 

no.  155.  pio.  156.  &ueh  a  contraction  actually  occurs  in  tlic 
^  tube  is  proved  by  this,  that  if  we  give  the 

■HB^^.  lyi  ^     I  conducting  tube  the  shape  of  a  contracted 

^       ^IP         ■*  stream  as  in    Fig.    156,  the  efflux   is  pre- 

9  cisely  the  same  as  if  the  conducting  tube 

were  cj'lindricnl. 

If  the  particles  of  water  filling  the  whole  section  of  the  tube 
leave  it  with  the  same  velocity  with  which  they  pass  the  most 
contracted  part,  a  breaking  up  of  the  succeeding  layers  of  water 
must  necessarily  occur.  Tlie  separation  of  the  particles  of  water, 
and  consequently  the  formation  of  vaato  is,  however,  hindered  by 
the  pressure  of  the  air  which  accelerates  the  motion  of  the  liquid 
while  llowiug  into  the  tube,  but  retards  its  efflux  from  it.  By 
atmospheric  pressure,  the  particles  of  water  flowing  out  are  so 
much  retarded  that  a  full  efflux  is  produced. 

That  the  presstirc  of  the  air  really  lias  this  effect  is  especially 
proved  by  the  quantity  of  the  discharge  not  being  increased  by 
putting  on  conducting  pipes  where  water  Hows  into  a  vacuum. 

If  wc  make  a  hole  in  the  lateral  wait  of  a  conducting  pipe,  the 
air  will  be  drau-n  in  tlirough  this  opening,  and  the  stream  will 
cease  to  be  continuous. 

If  a  bent  tube  x  y,  Fig.  155,  whose  lower  end  opens  into  a 
vessel  of  water,  be  inserted  into  the  lateral  wall,  the  water  in  the 
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tube  X  y  will  be  suckcnl  up  by  the  tendency  manifested  by  tbe 
water  to  form  &  vacuum  in  the  conducting  pipe.  This  pheno- 
menon proves  likewise  the  influence  exercised  by  the  air  in  tbe 
above  cx|>criuicnts.  As  a  conical  conducting  pipt^  gives  a  lar^r 
discharge  than  one  that  is  cylindrical,  it  must  also  draw  up  more 
liquid,  that  is,  under  otherwise  similar  conditions  the  column  of 
water  drawn  into  the  tube  x  y  by  a  conical  conducting  pipe  will 
rise  to  a  greater  height  than  in  a  cylindrical  pipe. 

Lateral  pressure  of  liquids  in  motion. — If  water  flow  throTigh 
pipes  out  of  a  reservoir,  the  lateral  walls  of  the  pipes  would  not 
have  to  support  any  pressure,  if  there  were  uo  resistance  of  friction 
to  overcome,  this,  however,  under  some  circumstances  may  be  so 
considerable,  that  the  greater  part  of  the  hydrostatic  pressure  is 
lost  iu  ovcrcomiug  this  resistance,  and  proves  of  no  avail  in  aiding 
the  motion. 

Instead  of  the  plate  with  the  opening  c  in  Fig.  152,  let  us  insert 
into  the  apparatus  a  cork,  in  which  is  a  glass  tube  three  feet  in 
length,  and  give  the  tube  a  horizontal  direction  when  the  water 
at  the  end  of  the  tube  will  then  flow  out  much  more  slowly  than  if 
the  efflux  had  occurred  through  the  opening  c. 

If  we  apply  several  equally  long  tubes  of  different  diameters  to 
exhibit  this  ex|)erimcnt,  we  shall  see  how  the  velocity  of  the 
discharge  dimiuishes  with  the  narrowness  of  the  tubes. 

Supposing  we  find  that  the  velocity  of  the  efflux  for  one  of  these 
tube^  is  only  half  as  great  as  we  should  expect  from  the  amount  of 
height  of  the  pressure,  then  the  one  half  of  this  pressure  is  necessary 
to  overcome  the  friction,  and  the  other  half  only  is  available  for  mo- 
riG.  1&7.  tion.    If  tbe  water  in  the  tube 

a  c,  (Fig.  157)  were  to  move 
witha  velocity  corresponding  to 
the  height  of  the  pressure  in 
the  reservoir,  the  walls  of  the 
tubes  would  have  no  pressure 
to  support;  but  if  the  water 
in  the  reservoir  produces  in 
the  tube  a  motion  corres- 
ponding only  to  a  part  of  the 
height  of  the  pressure,  tbe 
remainder  must  act  upon  the 
walls  of  the  tubes  as  hydrostatic  pressure.  The  pressure  sustained 
by  the  walls  is,  however,  not  equal  in  all  parts  of  the  tube,  being 
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less  the  ucarcr  it  approaches  the  openiug  e.  lu  mauy  cases,  the 
pressure  to  be  supported  by  the  walls  of  the  tubes  from  within 
may  be  less  than  the  pressure  of  air  acting  upon  them  from 
without;  this  is  every  where  the  case  where  the  conditions  are 
fulfilled  in  which  the  phenomenon  of  suction  occurs. 

Reaction  created  by  the  efflux  of  Liquids. — If  we  suppose  a  vessel 
filled  with  water,  the  whole  will  be  at  rest,  as  every  lateral  pres- 
sure is  amnteracted  by  a  perfectly  equal,  but  opposite  one.  But 
if  we  make  an  opening  at  any  part  of  the  wall  from  which  the 
water  may  flow  forth,  the  pressure  will  evidently  be  removed  at 
this  spot,  whilst  the  portion  of  the  wall  diametrically  opposite,  and 
corresponding  to  it  will  be  pressed  upon  as  strongly  as  before. 
The  pressure,  therefore,  on  the  wall  of  a  vessel  through  which  the 
opening  has  been  made,  is  less  than  that  acting  on  the  opposite 
side,  consequently  the  whole  vessel  must  move  in  a  direction 
opposed  to  the  direction  in  which  the  stream  of  water  flows  out,  if 
this  motion  be  not  hindered  by  friction  or  some  other  cause.  This 
rio.  158.  niay  be  compared  to   the  recoil  of  6re-arms. 

Tlie  reaction  manifested  on  the  escape  of  water 
may  be  shown  by  an  apparatus  known  by  the 
name  of  Sefftier^s  Water-wheel.     It  consists  of 
a  vessel  v  turning  round  a  vertical  axis,  and 
having  at  its  upper  extremity  a  cock  r,  which 
need  only  be  turned  in  order  to  put  the  appa- 
ratus into  motion.     By  means  of  the  reaction 
of  the  streams  of  water,  issuing  from  the  end 
of  the  horizontal  and  cur\'ed   tubes  t  and  /', 
and  at  a  tangent  to  the  circle  described  by  the 
end  of  the  tubes,  the  apparatus  receives  a  rapid  rotatory  motion. 
Vertical  WateT'wheela, — If  water  continually  flow  from  a  more 
highly  elevated  to  a  lower  spot,  it  may  be  applied  as  a  moving 
force. 

If  during  nn  unit  of  time,  as  a  second,  a  mass  of  water  whose 
weight  is  M  How,  or  fall  from  a  height  k,  M  h'\&  the  quantity  of 
motion,  or  the  mechanical  moment  of  this  mass  of  water.  In 
whatever  way  we  may  turn  the  motion  of  the  water  to  another 
body,  the  effect  can  never  exceed  the  mechanical  moment  of  the 
fall,  that  is  we  can  by  means  of  the  fall  at  most  raise  to  an  equal 
height,  a  weight  equal  to  the  mass  of  water  falling  from  the  same 
height  ill  the  same  unit  of  time,  or  effect  some  other  similar  action. 
If,  fcNT  instance,  a  mass  of  water  of  800  lbs.  fell  from  a  height  of 
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twenty-four  feet  in  one  second^  the  absolute  nmximiim  of  the  effect 
ofthisfaliis  19200,  that  is,  a  result  might  be  produced  by  this 
fall,  supposing  all  forces  to  come  into  action  without  there  being 
any  loss  by  friction  or  other  resistance,  whieh  would  be  equal  to 
the  force  necessary  to  raise  a  weight  of  19200  lbs.  in  one  second 
to  an  elevation  of  one  foot. 

If  we  assume  that  a  horse  working  with  medium  force  and 
medium  speed  can  raise  a  load  of  100  lbs.,  four  feet  in  one  second, 
the  absolute  maximum  of  the  effect  of  that  fait  might  be  compared, 
or  would  be  equal  to  a  forty-eight  horse-power.  lu  what  follows, 
we  will  designate  the  absolute  maximum  of  a  full  by  the  letter  E. 

In  order  to  avail  ourselves  of  the  mechanical  moment  of  a  water- 
fall, we  generally  make  use  of  water'toheelsj  that  is  wheels,  on  the 
circumference  of  which  the  water  acts  by  means  of  pressure  or 
impact. 

Ordinary  water-wheels  turn  in  a  vertical  plane  round  an  hori- 
zontal axis.  We  distinguish  three  main  kinds  of  vertical  water- 
wheels,  under-shot,  over'Shot  and  middle-shot . 

In  undershot  wheels  the  float-boards  are  at  right  angles  with 
the  circumference  of  the  wheel.  The  lowest  Hoat-boards  are  im- 
mersed in  the  water,  which  flows  with  a  velocity  depending  upon 
the  height  of  the  fall. 

The  flowing  water  sets  the  wheel  in  motion,  and  imparts  to  it 
a  velocity  whieh  may  be  greater  or  smaller  according  to  circum- 
stances. 

If  the  impact  of  the  water  is  to  impart  to  the  wheel  a  velocity 
equal  to  that  with  which  the  water  would  flow  if  there  were  no 
wheel,  there  must  be  no  resistance  opposed  by  the  wheel  to  this 
motion^  H  must  therefore  not  be  loaded;  or  in  this  caac  there 
can  be  no  mechanical  action  produced,  and  the  effect  will  be 
null. 

On  the  other  hand  we  might  load  the  wheel  so  strongly  by  a 
counterpoiaiug  weight,  that  the  strike  of  the  water  would  not 
impart  any  motion  to  it,  the  falling  water  exercising  only  a  static 
pi-essure,  and  keeping  the  whole  in  equilibrium.  In  this  case,  the 
effect  is  also  null.  From  this  consideration  it  follows  that  where 
the  wheel  is  to  do  any  work,  it  nmst  move  with  a  velocity  less  than 
that  of  the  freely  flowing  water ;  theory  and  experience  show  that 
the  most  ad^'antageous  effect  is  produced,  if  the  velocity  of  the 
wheel  be  half  as  great  as  that  corresponding  to  the  height  of  the 
fall 
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Hence  it  follows  that  only  half  of  tlic  mechanical  moment  of 
the  fall  comes  into  action  in  an  ordinaiy  undcr-ahot  whe*;!,  while 
the  water  fiow8  off  with  half  the  velocity  with  which  it  came  on 
the  wheel ;  the  effect  of  hucIi  a  wheel  can,  thcixfon*,  never  exceed 
the  value  of  i  E.  Even  this  effect  cannot  be  practically  obtained, 
08  B  part  of  the  force  is  lost  by  the  adhesion  of  the  water  to  the 
walls  of  the  channel,  resistance  of  friction,  &c.  Carefully  con- 
ducted experiments  have  yielded  the  value 

f  =  0,3  J2 
for  under-»hot  wheels  moving  in  a  channel,  where  no  lateral  efflux 
of  the  water  could  take  place. 

But  iu  uneonHned  wheels,  as  those  applied  to  ship-mills,  where 
the  water  may  escape  laterally,  the  effect  is  atill  more  remote  from 
the  absolute  maximum.  Under-shot  wheels  are  applied  where 
there  is  a  considerable  mass  of  water,  but  where  the  fall  ia  of  small 
elevation. 

As  the  mechanical  moment  of  the  fall  is  turned  to  little  acconnt 
in  the  above  described  under-shot  wheels  n^hcre  the  water  strikes 
the  float-ljoardfl  at  right  angles,  Poncelet  has  constructed  an  under- 
shot wheel  with  curved  Hoat-boardii,  the  effect  of  which  approaches 
far  nearer  to  the  absolute  maxinmm. 

In  order  to  have  the  water  eome  upon  the  wheel  without  a 
sodden  stroke,  the  float-board  at  the  circimiferencc  of  the  wheel 
must  corrc8|H)nd  with  the  direction  of  the  tangent ;  but  if  they 
were  so  constructed,  the  water  would  be  hindered  in  falling  from 
the  wheel ;  besides  which  the  water  must  not  expend  all  its  velocity 
on  the  wheel,  since  iji  that  case,  it  would  have  none  left  for  flowinjc 
off.  Thus  a  certain  loss  of  power,  independently  of  the  natural 
impediments,  is  unavoidable  even  in  P<mcelet's  wheel. 

Wheels  with  curved  Hoat-boards  are  computed  to  yield  an  effect 
equal  to  two-thirds  or  even  three-fourths  of  the  absolute  maxinmm. 
This  result  is  explained  in  Poneeleft  wheels  by  the  water  h)sing 
it«  velocity  as  it  ascends  the  ciir\'cd  float-boards,  and  yielding  it 
almost  entirely  to  the  wheel. 

The  mrershot  IVheel  is  applied  where  there  is  a  high  fall  of  an 
inconsiderable  quantity  of  wattrr,  aa  in  smidl  mountain  streams. 
Tbc  water  in  running  down  Ujwn  it  tills  thu  cells  on  one  side  of 
the  wheel,  which  is  turned  by  this  very  addition  of  weight.  Near 
the  lower  part  of  tbc  wheel  the  water  agaui  flows  out  of  the  cells. 
There  is  also  a  portion  of  the  niechajncal  moment  lost  in  over-shot 
wheels,  because  the  cells  cannot  keep  the  water  down  to  the  lowest 
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point  of  the  wheel,  but  begin  sooner  to  let  it  flow  ont.  A  well 
constructed  over-shot  wheel  ought  to  produce  an  effect  amounting 
to  75  per  cent  of  the  absolute  maximum,  provided  that  it  turn 
slowly,  for  rapid  turning  the  water  does  not  remain  in  an  hori- 
zontal position  in  the  cells,  in  consequence  of  the  centrifugal  force, 
but  rises  exteriorlV]  &o  that  it  falls  sooner  from  the  cells. 

no.  1&9.  '^^f   middle-shot    wheel 

f^  is  a  kind  of  medium  be- 

tween the  over,  and  the 
under-shot  wheel. 

Horizontal  Water- 

wheels. — Earlier  attempts 
were  made  to  construct 
water-w  he<'lH,  but  it  is 
only  recently  that  they 
have  been  practically  ap- 
plied by  Foumeyron,  The 
horizontal  wheels  he  in- 
vented are  known  by  the 
name  of  turbines. 

Fig.  159  represents 
one  of  these  constructed 
for  a  high  fall  of  water. 

The  whole  mass  of  the 
falling  water  is  collected 
in  a  wide  cast  iron  tube, 
eonuected  with  a  cast 
i  ron  resen-oir  by  the 
opcninf^  o.  A  hollow  tube 
passes  throtigh  the  middle 
of  the  resenoir  connect- 
ing the  up]ier  lid  with  the 
bottom.  This  horizontal 
biittniii  does  not,  however, 
ttHich  the  vertical  walla  of 
the  vessel,  there  being 
between  it  and  the  lateral  walla  an  annular  interval  from  which 
the  water  flows  in  a  horizontal  direction. 

This  water  thus  streaming  out  sH^ts  the  horizontal  wheel  with  its 
vertical  spokes  in  motion  j  a  a  is  the  vertical  axis,  round  which  the 
wheel  turns,  passing  through  the  shell  counectmg  the  bottom  and 
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the  cover  of  the  reservoir.  To  this  axis  the  plate  b  b  is  fastcnrd^ 
oppoeite  to  the  opening  of  the  reservoir  hearing  the  rim  of  the 
wheel  with  the  jioat-boards. 

The  tioat-boardft   are  curved  at}   aeeii 
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ill  the  sectional  view  in 
Fig.  160  ;  in  order, 
however,  to  make  the 
water  strike  the  float- 
biiarda  of  the  whoel  in 
ihi:  most  ntlvantagoous 
tlin'Ction,  eonducting 
curves  made  of  tin  are 
fastened  to  the  plate  of 
the  reservoir  to  give  a 
determined  direction  to 
the  water. 

It  would  detain  us 
i<io  long  were  we  to 
inter  iiito  a  [>articular 
(U'acription  of  the  most 
advtmtageous  curva- 
ture for  float-boardsy 
and  conducting  curves.  Fume^on's  turbines,  if  well  conatruetcd, 
ought  to  produce  an  effect,  amounting  to  75  p.  c.  of  the  absolute 
maximum.  Gadutt  has  simplified  them  by  h-aviug  out  the  con- 
ducting curves,  and  thus  lost  5  p.  c.  more  of  the  absolute  maximum 
effect,  80  that  his  turbines  still  jneld  70  p.  c. 

Turbines  arc  particularly  useful  for  high  falls  whic-h  do  not 
admit  of  the  use  of  vertical  wheels. 

Attempts  have  been  made  to  enlarge  upon  the  Seiner  watcr- 
wherl,  in  order  to  work  macliincry  with  it,  but  hitherto  with  virry 
little  effect;  a  vi-ry  small  motive  power  being  invariably  pnMlucrd. 
The  reason  of  the  want  of  success  attending  these  attempts  did  not 
arise  from  the  active  moving  |K>wcr  being  too  smull,  but  becjiuse 
the  lower  of  tlu;  two  pivot»  around  which  the  appanitus  turns  has 
to  bear  the  whole  weight  of  a  large  mass  of  water,  in  consequence 
of  which  there  is  a  disproportioually  targe  amcuuit  nf  resistance 
from  friction  to  be  overcome. 

This  objection  has  been  ingeniously  set  aside  by  Althans  nf 
Sayn,  who  has  made  such  an  alteration  in  the  apparatus,  that  the 
watiT  enters  the  horizontal  arms  from  below,  and  not  from  above. 
The  moat  essential  part  of  arrangement  is  shown  in  Fig.  ICl.     The 
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reacrvoir  is  formed 
by  a  cast  iron 
conducting  pipe, 
which  in  curved 
honsontally  below, 
and  ends  in  a  ver- 
tically rising  piece 
of  tube  a.  From 
the  opening  at  a, 
the  water  Howe  into 
the  neck  b  attached 
to  the  end  of  the 
tube  a  in  such  ■ 
tiianner  that  it  can  turn  round  it  as  round  a  pivot.  The  water 
pas»<:'8  thnmgh  the  neck  b  into  the  horizontal  ann  c,  and  flmva  out 
of  the  openings  at  o.  The  motion  of  the  wheel  is  transmitted  by 
the  axis  4. 

The  friction  to  be  overcome  by  such  a  wheel  in  revolving  round 
the  pivot  a,  must  be  very  inconsiderabli!^  for  the  weight  of  the 
wheel  with  all  that  is  fastened  to  it  is  almost  entirely  supported  by 
the  pressure  of  the  column  of  water,  so  that  the  pivot  a  baa 
scarcely  any  pressure  to  sustain. 

In  the  apparatus  seen  at  Fig.  161,  a  large  portion  of  the  meeha- 
nieal  moment  of  the  fall  must  be  lost  from  reasons  Kimilar  to  those 
affecting  thi-  uiukr-shot  wheel  with  flat  float-boards,  for  if  the 
water  imparts  all  its  velocity  to  the  wheel,  and  falls  from  the 
openings  without  any  velocity,  and  if,  therefore,  the  wheel  rotate 
with  a  rai»idity  corn'sponding  to  the  operation  of  the  fall,  the 
pressure  backwards,  and  consequently  the  mechttnical  efTcct  will 
rie.  1C2.  be  null    also.     The   water    must    still 

retain  a  portion  of  its  velocity  of 
motion.  Much  may  he  gained  here 
by  curving  the  arms,  soniewbat  in 
the  manner  represented  in  Fig.  162. 
■The  water  imparts  its  velocity  gra- 
dually to  the  wheel,  flowing  through 
the  tube,  and  pressing  against  the  curved  walls,  so  that  it  falls 
at  the  opening  almost  devoid  of  all  rapidity. 

In  Scotland  sucli  turbines  of  reaction  are  much  used,  on  which 
uccouut  they  are  often  called  Scotch  turbines. 

IVateT'Column  Machines.— 'la  these  macbines  the  acting  cohmui 
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of  water,  prcBsiiipr  upon  a  piston  that  moves  in  a  cylinder^  iinpartH 
to  it  a  forward  and  backward  motion  which  ih  fartlicr  trun^^niittcd 
by  the  piston. 

Water-column  machines  arc  generally  applied  for  the  piiqwac 
of  raimiug  water  to  a  considerable  height.  In  this  manner,  for 
iustance,  the  flalt  spring  at  Reichnthail  in  Upper  litivaria  \a  con- 
ducted by  a  circuitous  course  about  one  hundred  and  twenty  miles 
to  RostHftrim,  and  other  intermediate  places  for  the  purpow:  of 
being  boiled.  On  this  i-oad  there  arc  nine  of  these  water-column 
machines,  constnicted  by  Heicheitbacky  to  raise  the  springs  over 
the  mountainous  heights.  Although  all  these  machines  depend 
\ipon  the  same  ]jrinciple,  their  mode  of  action  is  '\i\  many  rcs|>eets 
different  J  we  will  here  consider  with  attention  one  of  nine  of  those 
most  simply  arranged,  that  at  Nesselgrabe. 

The  pipe  A  leads  the  impelling  water  to  the  machine,  it  cnt«ra 
alternately  into  the  upper  and  lower  part  of  the  cylinder  5,  where 
it  drives  the  piston  C  allcniutely  up  and  down. 

In  order  to  produce  thin  alteriiatlon,  on  the  entrance  of  the  water, 
an  arrangement  has  been  applied  jireciscly  similar  to  the  contrivance 
OKd  for  governing  ateam -engines.  Tliree  connected  pistons  move 
in  the  cylinder  rf,  the  two  lower  oncR  arc  alike,  while  the  upper 
one  has  a  smaller  diameter. 

In  the  (Kjsitiou  of  the  piston  as  represented  in  the  drawing,  the 
impelling  water  passes  through  the  pipe  e  into  the  large  cylinder, 
and  raises  the  piston  C.  The  water  above  C  Hows  through  the  pipe 
/  into  the  pipe  dj  and  from  thence  passes  away  through  the 
pipc^. 

When  the  piston  C  is  raised,  the  pistons  must  be  so  (Usplaced 
in  the  tube  d,  that  now  the  impelling  water  may  enter  the  large 
cylinder.  This  is  effected  by  the  pistons  descending  so  far  in  rf, 
that  the  piston  %  stands  below  the  tube/,  and  the  piston  m  below 
e ;  then  the  im|»elling  water  passes  from  the  tube  A  through  h 
and/into  the  upper  part  of  the  c)'lindcr  5,  drives  down  the  piston 
C,  whilst  the  water  below  C  passes  through  e  into  the  tube  «/, 
flowing  off  tlirongh  the  tube  g. 

The  elevation  and  depression  of  the  pistons  in  the  tube  d  is  effected 
in  the  following  manner.  The  tube  A  is  comiectcd  by  the  tube  ft 
with  the  up  j>cr  part  of  the  tube  d .  at  the  joint  of  the  tube  n,  a  cock 
r  is  applied,  which  acc4irding  to  its  position  at  one  Lime  connects  the 
upper  part  of  the  tube  d  with  h,  and  at  another  cuts  off  this  connec- 
tion and  puts  the  upper   [>aK  of  the  tube  d  in  commonication  with 
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below  by  an  equal  power  of  water ;  besides  this,  the  water  presses 
above  on  the  piston  i,  below  ou  the  piston  m;  the  pistonH,  tliereforc, 
are  exposed  to  equal  watcr-presBurc  from  above  and  below,  and 
descend  by  their  own  weight. 

When  the  pistons  arc  to  rise,  the  cock  r  is  so  arranged  that  the 
communication  between  A  and  the  upper  part  of  rf  is  intemipted. 
Now  no  pressure  of  water  acts  upon  *,  the  water  above  *  escaping 
from  the  machine  by  the  cock.  The  water-pressure  from  above 
against  i  ia  eounternctcd  by  the  pressure  fixim  below  against  m, 
and  the  pressure  of  the  water  from  btlow  s,  to  which  tliere  is  no 
counter  pressurcj  raises  the  pistons. 

The  turning  of  the  cock  is  eflTceted  hy  the  machine  itself.  At 
tlie  upper  end  of  the  rod  fastened  to  the  piston  C,  a  round  disc  ia 
applied,  which  strikes  af^ainst  the  oblique  surface  t  on  the  rising 
of  the  piston,  and  against  the  oblique  surface  u  on  its  sinking, 
pushing  them  sideways,  and  thus  causing  a  revolution  about  the 
uda  «.  The  arm  y  is  fastened  to  this  axis,  and  the  arm  z,  by  its 
rotation,  causes  the  cock  to  turn. 

Let  us  now  further  consider  how  the  motion  of  the  piston  c  is 
transmitted  and  applied  to  the  other  parts. 

The  piston  a  is  connected  with  the  piston  C  by  means  of  a  rod 
passing  through  a  stuffing  box,  and  has  a  much  smaller  diameter 
than  C,  the  elcvatiuu  and  deprL-saiou  of  the  jiiston,  cause,  therefore, 
a  similar  motion  in  the  piston  a ;  but  when  a  rises,  a  rarefaction  of 
air  takes  place  in  the  chamber  6,  the  lower  valve  opens,  and  water 
is  raised  through  the  suction  pipe  N  into  the  chamber  A.  By  the 
rising  of  the  piston  «,  water  is  pressed  into  the  chamber  c,  the 
lower  valve  closes,  the  upper  one  opens,  and  the  water  is  thus 
raised  through  the  piston  into  the  reservoir  R,  and  from  this  into 
the  a-scending  pipe  S, 

On  the  descent  of  the  piston,  the  valves  which  were  open,  close, 
and  vice  versa :  water  is  sucked  up  into  the  chamber  c,  and  raised 
from  b  into  the  reservoir,  and  the  ascending  pipe. 

If  the  diameter  of  the  piston,  C,  be  two,  three  or  four  times 
greater  than  that  of  the  piston  ff,  we  may  raise  a  column  of  water 
(disregarding  friction  aud  other  impediments)  two,  three,  or  four 
timc^t  as  high  as  tlie  height  of  the  impelling  water. 

In  the  water-column  machines  we  have  been  considering  the  height 
of  the  impelling  water  is  140  feet,  it  raises  the  brine  to  a  height 
of  3  W>  feet,  but  this  column  of  salt  water  corresponds  to  a  column 
of  fresh  water  of  397  feet ;  the  diameter  of  the  piston    C  is  30|, 
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that  of  the  piston  a  10  inclies,  the  larger  one  having  almost  font 
timc«  as  great  a  diamuter.  The  reason  of  the  height  of  the  raised 
column  of  water  not  being  four  times  greater  than  the  height  of 
th<'  imi>olling  water  that  is,  not  560  feet,  is  owing  to  a  couBi(lpral)lc 
force  being  nece««ary  to  overcome  friction  and  other  reaistanees. 
This  machine  yields,  therefore^  about  70  per  cent,  of  the  absolute 
inaximnni,  for  897  is  to  560  nearly  as  70  to  100. 

The  water-column  machine  at  Ilsang,  also  between  Reichenhall 
and  RoMenheinit  which  is  somewhat  differently  constnictcd,  raises 
the  8])ring  to  an  elevation  of  1218  feet,  equal  to  the  raising  of  a 
column  of  fresh  water  to  a  height  of  14G0  feet.  The  diameter  of  the 
larger  piston  is  25  feet  8  lines,  that  of  the  smaller^  11  feet  3^  lines. 

Great  difficulties  present  themselves  in  converting  the  backward 
and  forward  motion  of  the  piston  in  these  water-column  machines 
into  an  uniformly  circular  motion,  an  seen  in  steam  engines, 
owing  to  the  water  not  being  elastic  like  steant.  But  Reichenbach 
has  ingeniously  met  this  difficulty  in  the  constmction  of  a  small 
machine  at  Toscana,  by  applying  a  guiding  or  directing  piston  ;  we 
caimot,  however,  here  cuter  further  into  the  consideration  of  this 
subject. 
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[y  a  gas  be  enclosed  in  n  vessel  having  iiny  kind  of  opening,  it 
will  escape  through  the  opening  as  soon  as  the  gas  in  the  vessel  is 
more  strongly  compressed  than  the  air  in  the  space  communicating 
with  the  aperture.  The  laws  f»f  the  passage  of  gases  through 
openings  in  thin  walls^and  throuf^h  conducting  pipes  are  analogous 
to  Iboee  bodies  of  liquid  with  which  we  have  become  acquainted. 
The  term  gftsometcr  is  applied  tu  an  apparatus  serving  to  maintain 
u  constant  discharge  of  gas. 

In  chemical   laboratories,  the  form  most  commonly  used  for 
ifio.  ]Gi.  gasometers  is  represented  at  Pig.  164.     A 

is  a  cylinder  of  lawjuered  tin,  about  IG  to 
18  inches  in  height,  and  10  to  12  inches 
in  diameter,  having  its  upper  cover 
vaultt-d.  On  this  cover  stands  a  second 
cylinder  B,  of)en  at  the  top,  resting 
upon  three  supports,  and  only  ^  of 
the  height  of  the  lower  one.  The  upper 
cylinder  is  connected  with  the  lower  by 
means  of  two  tubes,  of  which  the  one  h 
is  exactly  in  the  middle  of  the  cover.  Tl»is 
must  not  quite  enter  the  lower  cj'linder.  A 
second  connecting  tube  a  reaches  almost 
to  the  bottom  of  tlie  tower  cylinder.  In 
e»ch  of  the  tubes  there  ii*  a  cock,  by  means 
of  which  we  may  at  pleasure  establish  or 
interrupt  the  communication  of  the  two 
cylinders.  At  «  there  is  a  short  horitontal  tube,  which  may  also 
lie  closed  by  a  cock,  and  to  which  a  screw  is  attached,  in  order  to 
ndmit  of  other  pipe»  and  ojiinnigs  being  connM'led  with  it.     Near 
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the  bottom  of  the  h)wer  cyhiuler,  there  ik  an  opening  at  rf  directed 
npwards,  thut  iiiiiy  be  elosed  by  means  of  a  screw  or  cock.  If  we 
wish  to  fill  the  lower  c)linder  with  a  pw,  we  first  fill  it  with  water 
in  the  following  manner.  The  opening  at  d  must  be  closed,  the 
three  cocks  opened,  and  then  water  poured  into  the  uj)pcr  vcshcI. 
TtiG  water  6ow8  into  the  lower  cylinder,  and  as  soon  as  this  ia 
filled  to  <*,  we  clo«e  the  cock.  The  rettiainder  of  the  uir,  still  in  the 
cylinder,  escapes  through  the  tube  h.  When  the  lower  cjlindcr  is 
thus  filled  with  water,  the  cocks  of  the  connecting  pipes  ore  closed, 
and  the  screw  or  cork  at  d  t^ken  off.  Water  cannot  flow  from 
hence  because  no  bubbles  of  air  arc  able  to  enter.  But  if  we  insert 
a  gas  conducting  tube  at  d,  the  water  will  flow  oiit  in  its  vicinity, 
whilst  bubbles  of  gas  continually  ascend  from  it  intti  the  upper  part 
of  the  receiver.  In  this  manner,  the  lower  cylinder  tills  itaelf  more 
and  more  with  gas.  We  may  see  how  far  the  cylinder  is  filled 
with  gas  by  the  glass  tube  /,  which  is  so  connected  above  and 
below  with  the  vessel,  that  the  water  stands  as  high  in  it  as  in  the 
cylinder. 

When  the  whole  reservoir  is  filled  with  gas,  the  opening  at  rf 
is  closed,  and  the  cock  of  the  connecting  tube  a  is  opened.  As 
soon  as  the  cock  e  is  opened,  the  gas  e8caj>cs  with  a  rapidity 
corresponding  to  the  pressure  of  the  column  of  water  in  the  tube  a. 
Large  gasometers  used  fur  gas  illumination  ore  constructed  on 
a  different  principle,  a  cylinder  closed  at  the  top  dips  into  a  large 
no.  I6S.  reservoir  filled  with 

water,  (Fig.  165). 
This  cylinder  is 
made  of  tin,  is  ten 
metres  in  diameter, 
contains  100  aibic 
metres  of  gas,  and 
weighs  as  we  will 
assume  10,000  kilgr. 
It  does  not  sink  in 
the  water,  in  conso- 
qucnee  of  its  being 
filled  with  gas;  but 
its  whole  weight 
presses  upon  this 
gas  with  a  force  greater  than  the  prcssuir.  of  the  atmosphere. 
According  to  our  assumption,  this  excess  of  pressure  amounts  to 
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ft  Circular  area  of  ten  metres  in  <iiaiiictef, 
m  dtoitf  cqol  to   the  prc&sure  of  a  column  of  wster  of 
Ifl  orntiwrinii .  tbc  water  must,  thcrcfurc,  stand   IS  centimetres 
'  fNlhoat  titan  within  the  cylinder. 

;  from  belo«-,  a  pijn;  [lasscs  into  the  cylinder,  ha^-iug 
tU  uy^er  «!«■  end  abuve  the  level  of  the  water ;  this  pipe  separates 
inW  *  xnnnber  of  narrower  ones,  leading  to  the  mouths  of  the 
wyrHc  ie«»  pipcs>  from  which  the  gas  pours  out  with  a  velocity 
«arrM»p<>dding  t<»  the  pressure  in  the  gasometer.  This  velocity  is 
•fMWtnut,  bccauiic  the  gaaometcrj  even  though  it  sank  more  deeply 
U/Uf  the  water,  only  loses  a  little  of  iu  weight,  as  it  is  only  tlic  wall 
ti  llw  fMometer  that  is  here  to  be  taken  into  account.  The 
flMMlllEC  ttpou  the  gas  is  moditicd  and  regulated  by  a  counter  weight. 
Ill  grdcr  tu  fill  the  gasometer,  the  cock  in  the  distributing  pipe 
m  eiomdt  while  the  cock  of  another  pipe  is  opened,  connect- 
Ill^  tlw  interior  of  the  gasometer  with  the  apparatus  in  which  the 
iOH  w  prepared. 

Mkuttn  or  bhwmy  machines  of  various  modes  of  construction  are 
MMd  Ul  forces.  The  most  applicable  kind,  and  that  now  generally 
«M«d  u  (he  cyluidrical  blower  as  represented  at  Pig.  166.    In  a  well 
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bored  cast  inm  cylinder  A,  in  which  an  air-tight  piston  C  may  be 
moved  up  and  down,  the  piHtoii-ro<l  a  passes  air-tight  through  the 
stuffing  l*ox  in  the  centre  of  the  upjwr  cover.  Tlic  upper  and  lower 
parts  of  the  cylinder  roniniunicatc  at  the  o|M.*ning  b  and  r/,  with 
the  cxloriial  air ;  while  the  openings  at  ff  and /convert  the  cylinder 
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with  a  square  )>ox  E.  At  b  and  rf  arc  valves  opening  inwurdiSj  at 
y  aiid/valvts  openiug  outwanU.  When  tlie  |>iston  descctida,  the 
valve  at  ti  closes,  while  that  at  /  openSj  all  the  air  being  driven 
from  the  lower  part  of  the  cylinder  into  the  Bpace  E.  But  in  the 
mean  while  the  valve  at^  18  closed,  while  the  air  presses  through 
the  valve  at  b  from  without  into  the  upper  jiart  of  the  cylinder. 
>V'hcn  the  piston  again  rises,  b  closes,  and  all  the  air  forced  in  by 
the  descent  of  the  piston  is  carried  through  the  ofjcning  at  g  into 
the  box  b,  while  /  i»  cltKsed,  and  the  under  part  of  the  cylinder  is 
again  filled  with  air  {mssing  through  the  open  valve  d.  Tlie  air 
compressed  in  E  parsed  to  the  space  occupied  by  the  fire  through 
a  tube  applied  at  m. 

The  velocity  of  the  piston  is  greatest  when  it  paafies  the  middle 
uf  the  cylinder,  it  diminishes  the  more  the  piston  approaches  the 
upper  or  lower  limit  of  its  course.  Hence  it  follows  that  the  bloat 
yielded  by  such  a  cylinder  doea  not  pass  out  in  an  imiforiu  manner 
at  m.  As,  however,  an  uniform  current  is  necessary  for  most 
smelting  processes,  care  must  be  taken  to  regidate  it.  This  ia 
effected  either  by  applying  three  cylinders  to  the  same  air  box  E, 
whose  pistons  do  not  simultaneously  pas»  the  middle  point  of  their 
course ;  or  by  suffering  the  air  to  enter  from  E  into  a  receiver, 
whose  area  is  very  large  in  proportion  to  the  volume  of  the 
cylinder.  The  Iargf*r  this  air  receiver  is,  which  is  termed  the 
rfffuttttur,  the  less  intluence  will  the  irregularity  of  themovementaof 
the  pinton  I'xerciw,^  iijiun  the  regularity  of  the  current  of  air  passing 
out  of  the  regulator. 

As  regulator  for  a  blower  there  is  used  cither  an  air-tight 
balltxtn  uf  sheet  iron,  whose  contents  are  from  forty  to  fifty  times 
aa  large  at»  that  of  the  cylinder,  or  else  the  water  regulator  repre- 
sented at  Kig.  167,  which  is  quite  identical  in  its  nature  with  the 

giLHomcter,  as   used  for  gas  lighting. 
In  the  box  B  consisting  of  iron  plates 
secured  together  so  as  not  to  admit  of 
the  entrance  of  air,  and  whose  con- 
tents far  exceed  those  of  the  cylinder, 
the  air  fiours    through  the   tube    D 
from  the  cylinder,  cscajnng  through 
the  tubti  C,     Ttic  air  in  the   box  B  is  enclosed  ht^low  by  water, 
whose   level  r  r  necessarily  stands  lower  within  the  bol  than  the 
surface  v  v  without. 
On  the  difference  of  the  heights  of  the  levola  of  the  water 
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depend  t>ic  degree  of  compression  of  the  air  at  B,  and  the  velocity 
of  the  discharge  ibrough  the  tube  c. 

In  order  to  determine  the  pressure  of  the  air  in  the  different  parts 
of  the  blowing  apparatus,  a  manometer  is  used,  which,  when  applied 
to  this  especial  purpose,  is  termed  a  wind-measurer.     A  section  of  a 
very  well  constructed  instrument   of  this  kind  is  represented  at 
no.  Iiie.  ^*g-  J^S*     ^^"  hermetically  closed   block-tin 

box  is  partly  filled  with  water.  A  tube  a 
passes  through  the  bottom  of  the  box,  having 
a  flcrew  below,  by  which  it  may  be  secured  to 
the  blower.  The  apparatus  communicates  by 
means  of  this  tube  with  the  upjjcr  part  of  the 
tin  box,  where  the  air  is  consequently  as 
strongly  compressed  as  in  that  portion  of  the  ap- 
paratus to  which  the  wind-mea-^ure  is  screwed. 
\  graduated  glass  tube  b  is  connected  with 
the  lower  part  of  the  tin  box.  Water  is 
poured  through  an  o^wning  in  the  cover  of  the 
box,  until  the  water  in  the  tube  stands  exactly 
at  Bero  of  the  graduated  tube,  when  the  open- 
ing is  closed  by  a  cork  stopper.  As  soon  as 
the  air  is  compressed  in  the  upper  part  of  the 
tin  box,  the  water  rises  in  the  tube  without 
any  marked  sinking  of  the  level  of  the  water 
within  the  box ;  the  rising  of  the  column  of 
water  above  the  zero  point  of  tlic  glass  tube  indicates,  therefore,  the 
pressure  sustained  by  the  air  within  the  apparatus.  By  means  of 
the  cock,  the  communication  between  the  tin  box  and  the  glass  tube 
may  be  interrupted  at  pleasure. 

The  most  simple  form  of  the  bellows  is  sufficiently  well  known, 
but  with  bcilows  thus  constmcted,  we  are  unable  to  engender  a 
continuous  current  of  air,  such  as  is  necessary  in  forges  and  in 
ehcmical  taburatories.  For  such  purposes  compound  bellows  are 
used,  as  represented  at  Pig.  169.  If  the  upper  division  a  of  such 
bellows  be  filled  with  air,  compressed  by  the  weight  resting  upon 
no.  169.  the  U])per  cover,  it  can  only  es- 

cape by  the  opening  at  c,  for 
the  value  between  a  and  b  close* 
as  Boon  as  the  air  becomes  more 
strongly  compressed  in  a  than 
in  6.     When   the  lower  surface 
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of  Ga$e8. — The   aame  laws  apply  to  the 
of  gaaes  that   wc  have  given   for   liquids. 


of  the  spncf  b  nscs,  the  air  i«  coinpressod  in  b,  raises  the  valve 
leadiufc  to  rt,  and  presses  into  the  tipper  space.  On  the  descent 
of  the  kiwent  side,  the  valve  between  a  and  ti  closes ;  the  valve 
communicating  from  b  with  the  air  opens,  b  is  again  filled 
with  air^  which  is  again  forced  into  the  u])pcr  space.  It  will 
be  readily  understood  that  the  pouring  forth  of  air  from  a 
through  the  opening  c  is  not  interrupted  while  b  supplies  itself 
with  air. 

Ijows  of  the  flow 
velocity  of  the  efflxix 
that  is  to  say  the  velocity  of  the  efBux  is 

if  »  represent  the  height  of  pressure.  Here,  however,  s  is  a  mag- 
nitude not  directly  given  by  obserxation  as  for  liquid  bodies j  s 
designates  the  height  of  the  column  of  fluid,  whose  pressure 
occasions  the  discharge,  and  which  is  of  the  same  nature  and 
density  as  thai  flowing  out.  Gases  contained  in  a  vessel  are  not, 
however,  at  any  time  compressed  by  a  cohiinn  of  air  of  equal 
density,  and  well  defined  height,  for  even  if  the  gas  were  only 
compressed  by  the  ^iressure  of  the  atmosphere,  the  column  of  air 
producing  this  result  is  neither  of  uniform  density,  nor  measurable 
height.  Therefore,  even  in  this  case,  9  cannot  be  directly  obtained 
from  observation.  The  prcusure  driving  the  air  from  a  reservoir  ia, 
however,  usually  mcaaurcd  by  the  height  of  a  column  of  water, 
or  mercury,  observed  by  means  of  a  manometer.  The  valve  of  « 
which  uiust  be  substituted  in  the  above  formula  for  the  velocity  of 
the  discharge,  may  therefore,  always  be  computed  from  the  cir- 
cumstances observed. 

The  simplest  case  that  can  be  adduced  U  that  of  air  b«!ing  forced 
nito  a  vncuum  by  atmospheric  pressure.  The  medium  atmospheric 
pressure  equipoises  a  column  of  water  32  feet  in  height,  or 
10,4  metnrs.  But  the  density  of  the  air  having  to  sustain  this 
medium  pressure  is  770  times  less  than  that  of  water ;  a  column  of 
air,  therefore,  having  this  density  throughout,  must  have  a  height 
of  770  X  10,4  ^  8008  metres  to  counterpoise  the  pressure  of  the 
atmosphere.  For  this  case,  therefore,  s  =  8008"  and  consequently 
c=  ^2x9,8.8008  =  396*. 

If  the  air  |>our  into  a  vacuum  from  a  reservoir  in  which  it  has 
only  been  compressed  by  tht:  pressure  of  half  an  atmo.Hphere,  the 
velocity  of  the  discharge  will   be  precisely   as  great  as  in  the  last 
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case,  namely  396*.  The  reason  of  this  is  easily  umlcrstood,  for 
iittliough  the  discharp;  is  produced  here  by  a  presuurc  uf  only  hidf 
the  quantity  in  the  former  case,  the  air  Howiug  out  has  here  only 
half  the  density.  Besides  the  velocity  with  which  the  air  nishea 
into  a  vacuum  is  always  tlte  same,  whilst  the  prcssiure  ou  which 
this  velocity  depends  may  bo  very  various. 

If  the  discharge  be  directed  towards  a  space  already  containing 
air,  although  of  inconsiderable  tension,  the  tendency  to  escape  will 
necessarily  depend  upon  the  difference  of  the  two  tensions.  If 
we  designate  this  difference  by  a  column  of  air  of  the  height  //, 
and  of  the  density  of  air  more  compressed,  the  velocity  of  the 
discharge  will  be 

c—  's/%gH. 

We  will  endeavour  to  determine  the  value  of  /f  in  a  case  where 
air  more  compressed  is  discharged  into  atmospheric  air  of  the 
ordinary  tension.  Let  the  eontpression  of  the  air  in  the  reser- 
voir be  nicadured  by  a  column  of  water,  whose  height  we  will 
designate  by  A.  Tliis  height  h  givea  the  difference  between  the 
tension  of  the  inner  and  the  outer  air,  and  wc  have  only  to  deter- 
mine what  must  be  the  height  of  a  column  of  air  of  the  density  of 
the  air  in  the  reservoir,  to  enable  it  to  countcqwise  a  column  of 
water  of  the  height  A. 

If  we  had  to  do  with  air  of  medium  atmospheric  pros* 
sure,  we  wight  substitute  a  column  of  air  of  the  height  of 
770  h  for  the  column  of  water  of  the  hciglit  h.  In  order, 
however,  to  equipoise  the  same  column  of  water  we  want  a 
column  of  air  of  smaller  height  if  the  air  be  denser,  the 
requisite  height  bearing  an  inverse  relation  to  the  density  of  the 
air. 

Atmospheric  air  of  average  preJisurc  which  is  770  times  lighter 
than  water,  is  likewise  compressed  by  a  column  of  water  of  32  feet 
or  10,4  metres,  whose  height  may  be  designated  by  ft,  whilst  the 
air  in  the  reservoir  has  to  sustain  the  pressure  of  a  column  of  water 
of  the  height  i'H- A,  if  i'  designate  the  height  of  a  column  of  water 
corresponding  exactly  to  the  then  heigfath  of  the  barometer.  The 
density  of  air  of  average  pressure  is,  therefore,  to  the  density  of  the 
air  in  the  rescn'oir  as  A ;  A'  + Aj  the  air  in  the  reservoir  is,  therefore^ 

— T —  times  as  dense  as  the  air  of  average  atmospheric  pressure, 

instead,  therefore,  of  a  column  of  air  of  the  height  of  770  A  of 
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this  more  rarefied  nir,  we  must  subfltitiite  a  colnmn  of  the  height 


770. A.* 


-  of  thi3  more   rareHcd  air,  and  this  value  of 


770. A.  & 


i'+A  —       '  fi'  +  A 

we  muat  put  in  the  above    equation   in   the  place  of  H:   for  a 

column  of  air  of  the  height  -.       '    ,  and  the  density  of  the  air  in 

the  rescn'oir  would  entirely  countcr]>oisc  the  column  of  water  of 
the  height  A.  The  velocity  of  the  efflux  is,  therefore,  in  this 
caac 

..     770A.A 

We  should  obtain  the  quantity  discharged  in  u  second  if  wc 
multiplied  the  iwqtl  of  the  opening  by  this  value  of  c,  providrd  thiit 
the  particles  of  air  flowed  out  in  ever)-  part  of  the  diagonal 
section  with  equal  velocity.  The  quantity  discharged  iu  t  seconds 
would  be  according  to  thia 

XT      /•  *    /o    ZZOA.A 

Experience,  however,  shows,  afi  wc  have  seen  in  liquid 
bothes,  that  the  actual  quantity  discharged  is  far  BumlltT  than 
what  is  yielded  by  theory,  and  we  must  multiply  the  theore- 
tical quantity  by  a  definite  factor  /i  in  order  to  obtain  the  actual 
amount. 

For  water,  thia  factor  is  0,G1',  and  is  almost  entirely  inde- 
pendent of  the  height  of  the  pressure,  incre^ising  only  very 
inctmsiderably  when  the  height  of  the  prcKsure  diminishes.  For 
gases,  however,  the  value  of  ^  is  very  variable.  According  to 
SckmuUf  who  was  the  first  to  direct  {mrticuLar  attention  to  this  sub' 
Jcct,  ^  ia  equal  to  0,52  at  a  height  of  pressure  of  three  feet  (water) ; 
while  tPAubuis8on*8  experiments  yield  the  value  of  fi  as  equal  to 
0,65  at  heights  of  preaaurc,  varying  between  from  0,1  to  0,5 
of  a  foot. 

The  difference  between  the  theoretical  and  actual  quantify 
discharged  depends  u|>ou  causes  analogous  to  those  affecting 
liquid  bodies,  and  wc  may,  therefore,  conclude  that  a  con- 
tractio  vena  must  occur,  although  it  does  not  admit  of  <lirect 
observation. 

Cylindrical  as  well  as  conical  conducting  pipes,  whether  the 
wide  opening  be  turned  inwards  or  outwards,  increase  the  quan- 
tity of  the   gas  discharged. 

Lateral  pretture    of  Gases    in  the  flawing    out.  —  \V\ien   air 
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moves  through  conducting  Itilxti,  tht^rc  in  &  resistance  to  he 
OTOrconc  fnun  friction,  for  wfiich  a  |>ortion  of  ihc  tenniou  of  ibc 
compressed   gas   niuBt   be   employed,    and   tfaua   be   lost   to   the 

TDOtioU. 

The  pressure  sustained  by  the  walla  of  the  tube  from  the  tension 
of  the  air  passing  through,  diminishes  in  proportion  as  it 
approaches  its  mouth,  bb  wc  may  see  by  applying  manometers  to 
different  parts  of  the  tube-  This  is  quite  analogons  to  the  pheno- 
mena observed  in  the  motion  of  liquids  passing  through  conducting 
tubes. 

The  phenomenon  of  suction  takes  place  in  the  motion  of  gR«cs 
preristrly  in  the  same  mauucr  as  m  the  efflux  of  liquids.  If  we 
make  an  opening  of  one  or  two  inches  in  diameter  in  the  lM>ttom  of 
a  vesHel  containing  compressed  air,  the  air  will  csca|>c  with  great 
force.  If  we  connect  «  disc  of  wood  or  metal,  seven  or  eight 
inches  in  diameter  with  the  ojx^ning,  it  will  not  be  pushed 
off  after  the  first  resistance  has  been  overcome,  it  will  oscillate 
quickly,  approaching  and  retreating  from  the  opening  within  very 
short  inter>alH.  Tljc  air  in  the  mean  time  will  escape  with 
much  noise  between  the  disc  and  the  wall.  On  attempting  to 
remove  the  disc,  we  must  use  as  much  force  as  if  it  were  cemented 
fast  to  the  wall. 

Tins  phenomenon  is  explained  in  the  following  manner :  the 
stream  of  air  leaving  the  opening  must  spread  itself  in  a  thin  layer 
between  the  disc  and  the  wnll,  (Fig.  170).     The  density  remaining 

unchanged,  it  nmst  extend  in 
proportion  as  it  approaches  the 
edge  of  the  disc  ;  it  6nda  itself 
consequently  in  the  same  case  as 
a  liquid  stream  which  is  to  fill 


ria.  170. 


up  the  constantly  increasing  diagonal  section  of  a  conical  conducting 
pi|>e.  Between  the  disc  and  wall,  a  vacuum  is  fonued,  itii  eonsequcncu 
uf  which  the  utmos]>heric  air  pressing  from  belnw  against  the  disc 
forces  it  against  the  wall. 

AVe  may  make  this  experiment  on  a  small  scale  by  blowing  air 
with  the  niuuth  through  a  tube  at  the  end  of  which  is  a  tlat  smoijth 
disc.  If  wc  put  a  card  while  blowing  to  the  o|H:ning  of  the  tube 
in  the  middle  of  the  disc,  we  shall  observe  the  above  mentioned 
phenomenon. 

Faraday  has  suggested  the  most  simple  mode  of  making  this 
experiment.      On   laying   the   tingers   of  the   open   hand   closely 


LATERAL    PBB88VKE    OF    OASES.  175 

together,  a  series  of  intervals  will  still  remain  from  joint  to 
joint ;  whilst  the  hand  is  held  thus  horizontally,  with  the  palm 
turned  downwards,  we  must  apply  the  lips  to  the  space  intervening 
between  the  index  and  middle  finger  (near  the  roots),  and  blow 
with  as  much  force  as  possible.  If  then  a  piece  of  paper,  of  three 
or  four  square  inches  be  applied  to  the  opening,  through 
which  this  current  of  air  passes,  it  will  neither  be  blown  awi^ 
by  this  current,  nor  will  it  fall  by  its  weight  until  we  cease 
blowing. 


LAWS   or    TQ£    MOTION    OP  WAVES    tN    OENBaAL,    AND    BB7KCIALLY 
or    WAVES   OP   SOUND. 

Vibrattjry  Motion. — If  n  pcndnluTti  be  brought  out  of  its  positiou 
of  c()uHibriuni,  and  then  left  to  itself,  it  will  in  the  first  place  be 
carried  hack  to  a  state  of  equilibrium  by  its  gravity,  but  having 
n^tumed  tu  that  point,  it  cannot  rcniuin  at  rest,  because 
it  readies  it  with  a  velocity,  that  drives  it  out  of  its  ])OBition  of 
equilibrium ;  and  hence  the  ]>enduluni  inakcs  a  number  of  oscilla- 
tiuuB,  the  laws  of  which  we  have  already  mentioned. 

The  mutual  position  of  the  particles 
remains  uncliangwl  in  the  motion  of  the 
penduhini.  If,  however,  the  n-lativc 
position  of  the  particles  of  a  body  be 
disturlwd  by  any  external  cause,  ami  if 
any  forces  be  present,  tcndinj?  to  restore 
the  original  state  of  equilibrium,  they 
will  also  take  up  an  oscillatory  motion, 
whiclL  diifers  essentially  frum  the  motion 
of  the  )>enduluni  by  tJie  mutual  |)ositioii 
of  the  particles  changing  every  nmment ; 
wc  have  here,  therefore,  to  consider  not 
only  the  oscillatory  motion  of  an  indivi- 
dual particle,  but  aUo  the  changes  in 
the  relative  positions  of  the  particles. 
The  OBcillotory  movement  uf  the  indi- 
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vidua]  parts  of  a  body  may  be  of  such  a  kiud  that  all  particles 
simultaneously  come  iutu  motion,  simultaneously  pass  the  point  of 
equilibrium,  simultaneously  reach  the  maximum  of  thcii*  oscilla- 
tion, and  simultaneously  begin  their  retrograde  motion.  Such  arc 
the  vibrations  of  a  stcci  bar  fastened  at  one  end.  Fig.  171,  and 
of  a  cord  extended  between  two  fixed 
^  points  (Pi^.   172).     Snch   \'ibrations  are 

<'^^' "'*"j.r     termed  by  IVeber,  "standing  vibrations." 

'"" '- "  If  the  motions  of  the  individual  parts 

arc  of  such  n  kind  that  vibratory  motion  proceeds  from  one 
particle  to  another,  so  that  each  makes  the  same  oscillations  as  the 
preceding  one,  vrith  the  sole  exception  of  the  motion  beginning 
later,  we  have  proffresshv  vibrations.  By  progressive  nbrations, 
waves  arc  formed.  The  motion,  the  advance  of  the  wave,  is  to  be 
regarded  as  essentially  distinct  from  the  oscillations  of  individual 
parts. 

Kxamplcs  of  wave-motion  are  afforded  by  a  qniet  surface  of 
water,  on  which  we  drop  a  stotie ;  by  a  lonp;  tense  line^  near  one 
end  of  which  we  strike  with  a  sharp  blow,  the  waves  of  sound  in 
the  air,  &c.,  we  will  consider  these  various  wave-motions  more 
particularly. 

The  vibratory  motions  may  be  greater  or  smaller,  according  to 
the  cause  of  the  disturbance  of  the  equilibrium,  and  the  nature  of 
the  force,  striving  to  restore  the  particles  to  their  former  condition 
of  equilibrium;  so  that  the  external  form  of  the  body  may  in  conse- 
quence suffer  either  well-marked  or  inconsiderable  changes ;  the 
vibrations  may  be  slower  or  faster;  they  may  be  so  slow  as  to 
enable  us  to  follow  them  with  the  eye,  and  count  the  several 
oscillations ;  while  on  the  other  hand  they  may  be  so  fast  as  no 
longer  to  admit  of  being  distinguished. 

If  the  vibrator)-  motion  of  a  body  exceed  a  certain  degree  of 
velocity,  its  combined  effect  may  produce  a  certain  impression  by 
creating  undulatory  motions  in  the  surrounding  media,  by  means 
of  which  they  are  conveyed  to  peculiarly  adapted  organs  of  sense, 
occasioning  to  these  latter  a  characteristic  sensation. 

Thus  vibrations  whose  rapidity  lies  within  certain  limits,  which 
we  purpose  speaking  of  more  fully,  occasion  waves  in  the  air,  or 
in  other  clastic  media,  which  consisting  in  alternate  condensatious 
and  rarefactions  are  conveyed^  to  the  ear,  and  received  by  that 
organ  as  wuruU. 

Incomparably  more  rapid  vibrations  of  the  particles  of  a  body 
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conveyed  to  the  eye  produce  the  impression  of  light  hy  menns  of 
the  undtilatory  motion  of  a  peeuliarly  elastic  tluitl,  whicli  we  temi 
ether. 

As  the  vibrations  of  sound  as  well  as  those  of  light  are  trans- 
mitted by  undulator)'  motions^  we  will  at  ontx^  pri.icced  to  consider 
the  most  important  laws  connected  therewith,  bcrginning  with 
water  waves,  ais  in  Ihcm  is  incorporated  the  idea  of  a  wave,  and 
bt'cause  a  rijfht  comprehension  of  these  will  hulp  to  ehicidate  other 
undulatory  motions,  as  for  instance,  sound-waves,  which  furnish 
especially  interesting  matter  of  consideration. 

IVater-wavcs. — If  we  tlirow  a  stone  into  the  water,  circular 
waves  will  he  formed,  sprtadiiig  themselves  from  a  centre 
(the  s|>ot  where  the  stone  feil)  in  all  directions  with  uniform 
velocity  when  unopposed  by  any  impediment.  The  waves  consist 
of  alternate  elevations  and  depressions  succeeding  each  other 
pretty  quickly,  and  continuing  to  spread  outward  from  the 
centre. 

When  a  wave  elevation  proceeds  outward,  the  individual  particles 
of  water  do  not  share  in  this  advancing  motion,  for  we  see  when  a 
piece  of  wood  swims  on  the  water,  that  it  is  alternately  raised  and 
lowered  as  the  wave  elevationa  and  depressions  miifonnly  glide 
away  from  under  it. 

The  force  by  which  the  water-waves  are  propagated  is  gravity, 
for  if  from  any  cause  an  elevation  or  a  depression  be  produced  on 
the  horizontal  surface  of  the  water,  tlu'  gravity  of  the  separate 
particles  of  water  will  endeavour  to  ri'store  the  disturbed  horizontal 
plane,  by  which  means  an  oscillatory  motion  is  produced,  which 
by  degrees  is  propagated  from  one  particle  to  another. 

As  soon  as  regular  waves  have  been  fumied,  the  separate  particles 

of  water  on  the  surface  describe  during  the  advance  of  the  wave 

curves    returning    into    themselves,    which    in    cases   of  extreme 

re^darity  are  circles,  while  in  eases  where  the  front  of  the  wave 

elevation  isnoteqnal  to  the  succeeding  one,  the  individual  particles 

of  water  describe  curves  which  are  not  closed,  and  such  as  we  have 

no.  173.  no.  174.      represented  at  Figs.  173  and  174. 

— j^  ^ — -^  Let  us  now  consider  somewhat  more  atten- 

\^^.^      vjT  lively,   the  connection    between    the    motion 

r>f  the   individual  particles  of  water  and  the  propagation  of  the 

wave. 

Let  us  assume  that  a  regular  undulatory  motion,  advancing  from 
left  to  right,  spread  itself  to  the  particle  of  water  0  in  Fig.  175, 
obhging  it  to  describe  a  curcular  course.     Now  while  the  particle  0 
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cfunptotes,    for    the  first    liuie,    iU    circular   courst*,    motion  is 
[)ropagat4xl  to  a   certain  distance.     \jci  the  particle  marked  12  be 
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0 


lit 
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the  one  to  which  the  \'ibratory  motion  is  propagated  from  0,  while 
0  pcrfunus  ita  revolution  j  then  will  13  begin  its  first  revolution  at 
the  nionifut  that  0  enters  upon  its  second. 

Ifwc  now  suppose  the  circumference  of  the  circle  described  by 
the  particle  0  to  be  divided  into  12  equal  parts  as  well  as  the  space 
intervening  between  0  and  12,  tlie  undulatory  motion  iu  the 
direction  from  0  towards  12  will  always  advance  one  division 
fw^her,  whilst  the  particle  0  describes  -jV^b  of  its  circular  course. 

Wliilc  the  particle  0  describes  the  first  1 2th  part  of  its  course, 
the  undulatOT)*  motion  extends  to  1 ;  and  while  0  is  passing  over 
the  first  quarter  of  its  course,  the  same  motion  is  trannraitted 
to  3. 

Fig.  176  represents  the  moment  iu  which  the  particle  0  has 
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traversed  ilic  quurtcr  or  -I'^th  of  thu  circle;  the  purtiirle  1  has  at 
that  moment  passed  over  I'jtbs;  the  particle  2  ^^th;  while  the 
particle  3  is  not  yet  displaced  from  its  position  of  equili- 
brium. 

Fig.  177  shows  the  moment  in  which  the  particle  0  has  traversed 
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half  ita  course';  the  particle  1  rV^^^i  ^^c  particle  2  -rV^h&i  and  the 
particle  3  i^ths  of  their  course ;  while  the  particles  4  and  5  are  in 
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the  same  positiou  as  the  particlos  1  and  2  of  thr  fomuT  figtirc. 
The  particle  6,  although  not  removed  from  it«  cquilibhumj  is  about 
to  begin  its  motion. 

The  particle  3  has  reached  its  lowest  point ;  here  is  the  centre 
of  a  wave-depression. 

If  now  -^th  of  the  time  be  necessary  for  a  particle  to  complete  its 
circuit  be  passed,  the  particle  8  will  have  come  uito  such  a  position 
with  reference  to  its  original  place,  as  is  now  the  case  with  the 
particle  2  j  and  the  particle  4  will  have  reached  its  lowest  position, 
being  \  of  the  circle  removed  from  its  position  of  equilibrium ; 
the  wave-depression  has,  therefore,  advanced  from  3  to  4  in  this 
interval  of  time. 

Fig.  178  represents  the  moment  in  which  the  particle  0,  ha\ing 
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traversed  ^th  of  its  course,  has  reached  the  highest  point  of  its 
circuit ;  here,  thereforc,  is  the  summit  of  a  wave-elevation.  The 
particle  1  has  traversed  yyths ;  the  particle  2  -yJ^ths ;  and  3  ^^V^bs  of 
its  course  ;  the  particles  4,  5,  6,  7,  8,  are  in  the  same  position  as 
1,  2,  3,  4  and  5  of  the  former  figure.  From  the  moment  repre- 
sented in  Fig.  177  to  the  moment  shown  in  Fig.  178,  the  ^'ave- 
depresition  has  moved  from  3  to  6. 

Whilst  the  particle  0  is  traversing  the  last  quarter  of  its  coarse* 
the  wave-«levi^on  advances  from  0  to  3,  and  the  depression  from 
6  to  9 ;  while  at  the  same  moment  that  0  has  ended  its  course  for 
the  first  time,  and  is  entering  upon  a  second  circuit,  the  particle 
12  begins  its  course  for  the  first  time. 

This  moment  is  represented  in  Fig.  179,  which  needs  no  further 
explanation. 

no.  179. 
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Fig.  180  represents  the  moment  in  which  0  has  traversed  its 

no.  ISO. 


course  a  second  time;  at  this  time  12  will  have  made  its  first 
circuit;  motion  been  transmitted  to  24,  a  wave-elevation  is  seen 
at  3,  another  at  15 ;  one  wavc-deprcasion  at  9,  and  another 
at  21. 

If  the  undulatory  motion  continue  uninterrupted,  the  individual 
particles  of  water  will  likewise  pursue  their  circuits ;  the  wave- 
elevations  as  well  as  the  wave  depressions  advancing  uniformly 
from  left  to  right,  while  one  particle  after  the  other  reaches  the 
highest  and  lowest  point  of  its  circuit. 

Thus  the  wave-elevations  and  depressions  advance  owing  to  the 
•une  circular  motion  being  imparted  to  all  the  particlea  of  water, 
each  entering  upon  that  motion  successively. 

The  distance  between  two  adjacent  particles  in  similar  conditions 
of  vibration,  is  called  the  length  of  a  wave ;  as  the  distance  between 
0  and  12,  and  between  12  and  24,  these  particles  be-ginning  their 
oscillation  simultaneously,  and  reaching  simultaneously  their 
highest  and  lowest  points.  According  to  this  the  distance  from 
the  summit  of  one  elevation  to  the  next,  as  from  3  to  15  in 
our  figure,  or  from  the  middle  of  one  depression  to  the  middle 
of  the  next,  as  from  9  to  21  constitutes  likewise  the  length  of  a 
wave. 

Those  particles  that  are  removed  J  of  the  length  of  a  wave  from 
each  other,  as  0  and  6,  3  and  9,  9  and  15,  arc  always  in  opposite 
conditions  of  vibration.  The  particle  9,  for  instance,  forms  the 
lowest  point  of  a  depression;  3  and  15,  on  the  contrary,  the  summit 
of  wave-elevations.  The  particles  0  and  0  are  certainly  both  in 
their  position  of  equilibrium,  but  the  motion  from  0  is  directed 
downward,  while  that  from  6  is  directed  upward. 

The  time  required  by  a  pai*ticte  to  complete  an  oscillation  is 
termed  the  time  of  an  oscillation  ;  whiUt  a  particle  is  completing 
an  oscillation,  the  wave  advances  a  length. 

Linear-waves. — As  has  been  already  remarked,  the  coursea  of  the 
particles   of  water   are  not   always   strictly  circiJar,  as  we   have 
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assumed  them  to  b<;  in  nur  (ig^ircs,  or  even  curves  returning  into 
thcnihclvcs.  Tbia  circulnr  eourse  is  often  converted  into  an  ellijitical 
form,  somctimcB  the  liorizontnl,  sometimes  the  vertiral  diumeter 
being  the  greater.  If  the  horizontal  diameter  were  null,  the  sepa- 
rate  particles  would  merely  oscillate  up  and  down  at  right  angles 
to  the  direction  in  which  the  waves  are  propagated.  This  kmd 
of  motion  propagates  the  waves  along  a  stretched  cord.  We  shall 
on  a  future  occasion  have  more  to  say  regarding  this  kind  of 
undulatory  motion  when  wc  enter  upon  the  thimry  of  light. 

The  lines  marked  from  1 
to  6  in  Fig.  181,  arc  de- 
signed to  illustrate  the 
transmission  of 'such  linear 
waves.  These  lines  corrcs- 
]n>nd  accurately  with  the 
Ftgs.  irr*  to  180,  being 
rived  from  the  latter,  on 
-L-tting  down  the  horizontal 
art  of  the  motion  as  null ; 
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and  they  will  not,  therefore,  require  any  further  explanation. 

If  a  lincar-w  avc  advancing  towards  one  fixed  point  reach  that 
point,  it  will  be  reHectcd  returning  to  the  other  end,  and  will  pass 
many  times  backwards  and  forwards.  But  if  new  waves  be  conti- 
nually formed,  they  will,  in  meeting  the  reflected  waves,  fonn  stantf* 
ing  waves  from  the  combined  action  of  the  two  systems  of  waves. 

We  will  not  here  pause  to  consider  any  further  the  formation  of 
s/antiing  waves  by  the  eombined  action  (interference)  of  the  direct, 
and  the  reflected  wave-system,  since  wc  pnrjiose  treating  more 
fully,  and  on  similar  principles,  of  the  formation  of  standing  air- 
waves, depending  on  the  iuterfereuee  of  a  direct  and  reflected  wave 
system ;  at  present  wc  will  limit  oui*selves  to  the  consideration  of 
the  kind  of  motion  manife.<(ted  in  a  line  or  cord  during  such 
standing  vibrations. 

The  most  simple  ens*!  is  where  the  hnc  vibrates  throughout  its 
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whole  length  as  represented  in  Fig.  182.     This  motion  may  be 
ric.  182.  bronght  about  by  removing  the 

centre  nf  a  moderately  tensely 
drawn  line,  soinewiiat  out  of  its 
ecinilibrium  (which  is  best  done 
by  moving  it  somewhat  to  the 
right  or  left)  and  thenh*avingit 
t(»  itself.  All  the  partieles  arc  Mimidtaneonsly  on  one  and  on  the  other 
side  of  the  position  of  equilibrium  ;  they  simultaneously  attain  the 
maximum  of  tlieir  distance  from  the  point  of  equilibrium  on  the 
right  side,  and  simultaneously  come  to  the  extremities  of  their 
course  on  the  other  side.  The  particles^  therefore,  whose  points  of 
equilibrium  are^^  d  and  ^,  KimulUneously  roach/',  rf'  and  ff* ;  and 
simultaneoui<ly  passing  their  point  of  equilibrium,  moving  in  the 
aame  direction,  they  simultaneously  come  to/",  d"  and  ^'. 

Wmie  all  the  particles  are  always  at  the  same  time  in  similar 
conditions  of  equilibrium,  the  amplitude  of  their  oscillations  is 
alone  different,  being  greater  for  the  particle  d  than  for  / 
and  t;. 

The  oscillations  of  a  tense  string  disturbed  from  its  position  of 
equilibrium,  or  those  induced  by  a  bow  drawn  across  the  middle  of 
its  length,  are  of  the  same  kind.  But  the  vibrations  of  the  string 
arc  so  rapid,  that  the  separate  oscillations  can  no  longer  be  distin- 
giiishfd,  but  on  the  contrary  only  n  tone  is  produced.  Wc  shall 
have  once  more  further  to  consider  the  vibrations  of  the  cord  with 
reference  to  this  tone. 

The  vibrations  of  a  somewhat  loosely  stnmg  cord  are  slow  enough 
to  be  counted  ;  it  is  difficult,  however,  to  produce  a  wh4»lly  regular 
oscillatory  motion  in  the  manner  indicated,  if  we  bring  the  middle 
of  the  line  out  of  its  ccjuilibrium  fr(»ni  Ih-1ow,  since  in  that  ease 
not  only  the  elasticity  of  the  line  will  bring  back  tin:  particles  to 
their  conditions  of  equilibrium,  but  gravity  will  also  act;  but  if  wc 
move  the  middle  of  the  line  out  of  its  equilibrium  to  the  ripht  or 
left,  the  mutiun  ia  partially  thut  of  the  pendulum,  because  if  the 
line  be  not  too  tightly  strung,  the  middle  always  hangs  somewhat 
down ;  if,  however,  wi*  draw  it  tigliter,  the  vibrations  l>ecome  too 
rapid  tu  be  distinguished. 

These  regular  vibrations  in  a  string  are  best  distinguiKhed,  if  one 
of  its  extremities  be  fastened,  while  the  uther  is  held  in  the  hand, 
and  made  to  describe  small  circles  with  uniform  velocity.  When 
we  find  the  right  degree  of  rapidity  for  the  motion  of  the  baud, 
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which  is  easily  done,  the  string:  will  fall  into  auch  motion,  that  its 
centre  will  describe  a  large  circle  around  its  point  of  equilibrium. 
All  the  other  points  uf  the  line  then  turn  likewise  in  circles  round 
their  positions  of  equilibrium  ;  the  circles  being  smaller^  the  nearer 
the  points  lie  to  the  extremities. 

If  we  accelerate  the  mottun  of  the  hand,  the  regularity  of  the 
motion  of  the  string  will  be  disturbed  ;  it  is  easy,  however,  so  to 
accelerate  the  rapidity  of  the  motion  of  the  hand,  that  there  shall 
be  a  point  of  rest  in  the  middle  of  the  string.  Each  half  will 
vibrate  exactly  as  did  the  whole  line  in  the  former  case ;  the 
middle  of  each  half  de8cril>C8   larger  circles  than  the  other  points, 

and  here,  therefore,  a  belly 
is  formed.  In  Fig.  183  we 
have  represented  two  ventral 
{K>ints,  and  one  node,  for  thus 
we  term  the  resting  point  kt 
separating  the  two  vibrating  portions. 

When  /  reaches  its  highest  point,  m  attains  its  lowest  position, 
and  conversely. 

By  increased  rapidity  of  the  hand,  we  can   easily  succeed  in 

producing    two     nodes,     and     three 
bellies  as  represented  at  Fig.  18  k 

In  the  same  manner  the  line  may 
be   divided  into  many  parts,   always 
separated  by  a  node. 

The  nodes  may  also  be  observed  in  tense  cords.  Fig.  185  repre- 
sents a  tense  eord  from  which 
J  of  the  length  has  been  sepa- 

■  >::zr'JZ:'.:^m'cz:'S^:^:S--*rzZ^"'^:"  rated  by  means  of  a  bridge, 

which  so  divided  the  cord 
into  two  parts,  that  the  one  is  twice  as  long  as  the  other.  On 
touching  the  smaller  parts  with  the  bow,  the  other  portion  will 
fall  into  vibrations,  and  one  node  at  n,  and  two  beUies  at  v  and 
v*  will  be  formed.  ITie  position  of  these  nodes  is  proved  by  little 
figures  of  paper  remaining  fixed  at  these  points,  which  fall  off  at 
other  parts  of  the  cord. 

If  we  so  arrange  the  bridge,  that  the  string  is  divided  into  two 
parts,  of  which  the  one  is  only  |th  the  length  of  the  other,  we 
flhall  have  two  nodes  and  three  bellies  on  touching  the  string 
with  the  Iww. 

In   metallic  plates,  bells,  &c.,  regular  vibrations  may  also  be 
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produced.     In  order  to  make  plates  vibrate,  we  may  use  the  vice 

shoivn  in  Fig.  1 86,  which  must  be 
(irmly  faatencd.  The  plate  is  placed 
betweeu  the  cylinder  a  and  the  screw 
bj  both  of  which  terminate  in  a  piece  of 
cork  or  leather.  If  the  plate  be  sutfi. 
ciently  well  screwed  on,  we  may  produce 
▼ibrations  by  strokes  of  the  bow. 

We  may  then  cause  plates  of  wood,  glass,  metal,  &c.,  to  vibrate, 
whether  they  be  triarigular,  square,  round,  elliptical,  &c.  The 
vibrating  plate.s  produce  like  the  vibrating  cords,  tones  which  are 
sometimes  high,  and  sometimes  low.  It  is  observed  further  that 
the  plates  may  be  separated  into  vibrating  parts,  and  lines  of  re^iose 
or  nodal  lines  for  each  one  of  these  tones.  In  general  the  exten- 
sion of  the  vibrating  parts  diminishes,  and  cousequeutly  the  nodal 
lines  become  more  numerDUs,  as  the  tone  rises. 

In  order  to  prove  the  existence  of  these  nodal  lines,  we  may 
strew  fine  dry  sand  on  the  upper  surface  of  the  plate,  when  the 
sand  will  rise  and  fall  during  the  tone,  and  at  last  accumulate 
upon  the  nodal  Iint;».  In  thi.s  manner  arise  the  sound-figures  as 
they  were  named  by  their  discoverer  Chiadni. 

A  number  of  different  figures  may  be  produced  by  means  of  the 
same  plate,  according  as  we  move  the  bow  more  or  less  violently, 
or  with  more  or  less  rapidity,  or  again  according  as  we  ehuugc 
the  point  of  supjwrt  of  the  plate,  and  touch  various  pails 
of  its  edge. 

At  Figa.  187  and   188,  a  number  of  sound  figui-es  are  rcpre- 
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aented  as  produced  with  a  square  plate.     For  example,  in  order 
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to  ol)tain  the  cross  whose  arms  unitt*  the  niiddlr  points  of  the 
parallel  sides  of  the  square  (see  the  first  fiuiirc)  we  rniiBt  tix  the 
middle  of  the  plntc,  and  move  the  bow  at  one  corner.  By  fixing 
the  middle  of  the  plate,  and  moving  the  l)ow  in  the  middle  of  one 
side  of  the  square,  we  form  a  cross,  whose  arms  unite  the  opjjosite 
comers  of  the  square  Fij;.  188. 

Trtan*;ularand  ])oIy.ir(>nal  jilates  yichl  similar  results. 

Transmission  of  sound  Uirouyh  the  atmosphere. — The  vibratory 
motion  of  any  body  Hurroundcd  by  air  gives  rise  in  it  to  an  undu- 
latory  motion,  which  on  beinj;  transmitted  to  the  car  produces  the 
sensation  of  sound.  Generally  speaking,  it  is  by  nicaim  of  the 
atmosphere  that  the  sound-waves  are  transmitted  to  our  organs  of 
hearing,  but  Htill  all  other  clastic  bodies,  solid  as  well  aa  fluid,  arc 
capable  of  conducting  stjund  more  or  leas  perfectly.  Sound  cannot, 
liowever,  lie  transmitted  in  a  vacuum.  Let  ns  lay  a  small  cutdiion 
of  wool  or  cotton  in  the  middle  of  the  plate  of  the  air-puuip,  on 
the  top  of  this  a  piece  of  clock-work  provided  with  a  little  Iwll, 
and  which  can  be  made  to  strike.  Over  the  whole  is  placed  a 
bell  glass,  provided  above  with  a  leather  cap,  through  which  a  rod 
passes,  by  whose  turning  the  clock-work  is  set  into  action.  At  the 
instant  the  works  begin  to  act,  the  clapper  strikes  at  the  intervals 
u|>ou  the  bell ;  no  sound,  however,  will  lie  heanl,  if  the  bell  have 
first  been  exhausted.  On  gradually  admitting  the  air,  we  distln- 
guiah  the  tone  becon»ing  louder  and  Innder  as  the  bell  beeomes 
tnore  tilled  with  air.  Sound  cannot,  therefore,  be  pro{>agated 
through  a  vacuum, 

Tlie  loudent  noise  on  earth  cannot,  thercfon^  penetrate  hcyond 
the  liniita  of  our  atmosphere,  nnd  in  the  same  manner  not  the 
faintest  sound  can  reach  our  earth  fn:inj  any  of  the  other  planets; 
thus,  the  most  fearful  explosions  might  take  plat-c  in  the  moon, 
without  our  hearing  anything  of  them. 

SnuMure  asserts  that  the  discharge  of  a  pistol  make^  less  noise  on 
the  summit  of  Mont  Blanc,  than  the  report  of  a  small  toy  cannon 
fired  off  in  the  valleys  below;  and  Gm/  Lussnc  found  that  when  he 
had  risen  in  his  balhwn  to  an  elevation  of  700  metres,  and  wa« 
ronscqucntly  in  u  highly  rariticd  atmosphere,  his  voice  bad  lost 
very  much  uf  ita  intensity. 

Sonnd  may  ditfuse  it&elf  not  only  through  the  atmosphere,  but 
through  all  kinds  of  ga»cs  and  vapours.  To  prove  this,  we  will  hang  a 
little  bell  to  an  untwisted  hemp  line  in  a  large  balloon  {sec  Fig.  1 89). 


TRANSMISSION  OF  SOUND  THROVOR  THE  ATMOSPHEIIE.       187 


no.  189.  If  t.he  air  be  exhausted  in  the  balloon,  wc  s}mll  no 
loiij^iT  hear  the  stoiind  of  the  bcl! ;  as  soon,  however,  au 
a  few  dropH  of  a  v(ilatile  fluid,  as  for  instance,  ether, 
be  introduced  into  the  balloon,  vapour  will  be  imme- 
diately formed,  and  the  tone  will  again  become 
audible.  Sound  is  reiidily  transoiitU^'d  in  water ; 
the  diver  can  hear  what  is  said  on  the  shore,  while 
persons  on  the  shori;  can  distinguish  the  noise  made 
by  the  concussion  of  two  stones  at  great  depths 
below  the  surface. 

Solid  bodies  can  not  only  produce,  but  also  transmit  sound.  If 
wc  apply  the  ear  to  one  extremity  of  a  beam,  20  or  30  metres  iu 
len^h,  we  can  clearly  hear  a  slight  tap  made  at  the  other  end  of 
it,  although  the  sound  may  be  so  indistinctly  conveyed  by  the  air 
that  the  person  causing  the  noise  may  be  scarcely  conscious  of  it. 

In  order  to  comprehend  the  way  and  manner  iu  which  vibrations 
of  sound  arc  transmitted  through  the  atmosphere,  wc  will  suppose 
the  air  at  one  end  of  an  open  tube  to  be  put  into  a  condition  of  oscil- 
lation by  the  vibratory  motion  of  a  piston  applied  at  the 
other  extremity. 

Fig,  190  represents  such  a  tube ;  the  lines  drawn  at 
equal  distances  designate  strata  of  air  of  equal  density ; 
p  is  the  piston  which  moves  rapidly  backwards  and 
forwards  along  the  distance  a  g,  Fig.  191. 
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Such  an  oscillating  motion  cannot,  as  we  have  already  said,  be 
uniform.  Let  us  suppose  the  time  necessary  for  the  piston  to  move 
backwards  and  forwards,  that  is,  from  a  to  f/,  and  again  from  y  back  to 


188 


TRANSMISSION  OF  SOrND  THKOUOH  THE  ATMOSPHERE. 


a,  to  be  divided  into  twelve  equal  parts ;  it  will  traverse  in  the  first 
of  these  periods  the  distance  a  b,  in  the  second  the  distance  h  c,  in 
the  third  c  (/,  &c. ;  the  motion  which  was  at  first  slow,  increases 
therefore  in  mpidity,  which  at  the  end  of  the  third  period  of  time 
is  at  its  maximum ;  at  the  sixth  diiision  of  time  it  is  at  0,  when 
the  piston  reaches  the  right  extremity  of  its  course,  and  then 
begins  its  retrograde  motion. 

AVc  obtain  the  points  bcdf  &c.,  by  drawing  a  circle,  whose 
diameter  a  ^  is  equal  to  the  amplitude  of  the  oscillation,  dividing 
the  circumference  of  this  circle  into  twelve  equal  parts,  and  letting 
fall  perpendiculars  from  these  points  upon  a  g. 

Now  this  motion  of  the  piston  is  transmitted  by  degrees  to  all 
the  separate  layers  of  air  of  the  tube,  each  of  which  will  after  a 
time  make  the  same  oscillations  as  the  piston  ;  the  motion  begin- 
ning later  in  proportion  as  each  layer  is  further  removed  from  the 
piston. 

If  the  air  were  perfectly  anclastic  and  rigid,  the  whole  column 
of  air  in  the  tube  would  be  pushed  out  by  the  motion  of  the 
piston,  all  the  separate  layers  of  air  acquiring  simultaneously  the 
motion  of  the  piston;  but  air  is  elastic,  and  motion  is  only  gradu- 
ally pmpHgated  by  the  layers  nearest  the  piston  being  first 
compressed,  and  then  by  their  elasticity  acting  upon  the  suc- 
ceeding ones. 

If  we  consider  the  condition  of  the  air  at  the  moment  at  which 
the  piston,  vSivr  the  beginning  of  its  motion,  has  traversed  half  its 
course  towards  the  right,  being  consequently  removed  the  distance 
tf  rf,  as  represented  in  Fig.  192,  from  its  original  position,  we  shall 
see  that  motion  has  only  been  transmitted  to  the  layer  of  air, 
marked  3 ;  that  is  to  say,  the  layer  of  air  3  is  still  in  its  original 
position  ;  the  air  between  it  and  the  piston  being  compi*e&scd,  thix 
layer  3  is  aUo  urged  fur\^'ard,  and  thus  begins  its  niotiun. 

The  layers  of  air  1  and  2  (not  marked  in  the  ligure,  becAUse 
from  their  position  there  can  be  no  doubt  which  are  intended), 
have  begun  their  motion  subsequently  to  that  of  the  piston,  and 
are  therefore  not  so  far  removed  from  their  original  |>o<titton.  Tl»e 
layer  1  began  its  motion  later  by  -rV^h  of  time  necessary  for  the 
piston  to  pass  backwards  and  forwards;  the  layer  2,  y^^ths  later; 
1  has,  therefore,  been  moved  the  distance  a  c  from  its  original 
position,  and  2  only  the  distance  a  b. 

In  this  manner  the  mutual  position  of  the  layers  of  air  between 
3  and  the  piston  may  be  ascei-tained  as  exhibited  in  Fig.  192. 
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Fig.  193  shows  the  piston  at  the  moment  in  which  it  has 
reached  the  right  cud  of  its  coursC;  and  consequently  is  removed 
the  distance  a  g  from  its  original  position.  Motion  has  in  the 
mean  time  been  transmitted  to  the  layer  of  air  6j  which  then 
begins  to  move. 

The  piston  has  just  come  to  rest,  and  is  about  to  begin  its  retro- 
grade motion ;  3  has,  however,  just  attained  the  greatest  velocity  in 
ita  motion  Irom  left  to  right. 

The  layers  of  air  are  removed  from  their  original  position  as 
represented  in  Fig.  190  to  the  distances  represented  in  the  accom- 
panying  table. 

The  layer   1   is  removed  to  the  distance  af 

ad 
a  e 
ab 
0 

Fig.  193  represents  the  position  above  indicated  of  the  various 
layers.     Tlie  greatest  condensation  of  the  air  occurs  at  8. 

While  the  piston  now  returns  from  its  position  at  Fig.  193  to  its 
original  situation^  motion  is  propagated  to  the  layer  12;  this  layer 
of  air  begins  its  motion  for  the  first  time  at  the  same  moment  in 
which  the  piston  begins  a  second  time  to  move  towards  the  right. 
This  position  of  the  separate  layers  of  air  between  12  and  the 
piston  as  rc])rcscntcd  at  Fig.  194,  takes  place  by  the  following 
consideration. 

While  the  piston  and  the  layer  of  air  12  assume  their  original 
position,  and  are  momentarily  at  rest,  all  the  intcnnediatc  layers  of 
air  are  removed  irom  their  original  positions ;  all  the  layers  of  air 
between  the  piston  and  6  have  a  retrograde  motion  Irom  right  to 
left,  while  those  between  6  and  12  go  from  left  to  right.  The 
layers  of  air  are  removed  from  their  original  positions,  as  indicated 
in  the  tabic  below. 
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The  layer   7   is  removed  the  length    a  f 

8  „  „         rt  <? 

9  „  „         ad 

10  „  n         ac 

11  „  »         ffA 

12  „  „        0 

We  ficc  here  that  at  9  there  is  t!ic  grcatcBt  condensation,  and  at 
3  the  greatest  rarefaction  ;  tlit:  layer  3  has  just  attained  its  greatest 
velocity  towards  the  left,  and  the  layer  1>  towards  the  right. 

If  now  the  piston  remain  at  Teat,  the  layers  1, 
2,  3,  4,  &c.,  will  suceessively  return  to  their  original 
positions,  remaining  at  rest  whilt;  motion  is  trans* 
mitted  towards  the  right;  at  the  moment,  for  in- 
ettunce,  in  which  3  recovers  its  original  position,  motion 
will  be  transmitted  to  15;  the  maximum  of  con- 
densation will  be  at  12,  and  the  maximum  of  rare- 
faction at  C;  at  the  moment  in  wliieh  12  recovcra 
its  original  position,  the  maximum  of  condensation  has 
advanced  to  15,  and  the  maximum  of  rarefaction  to  21, 
when  the  layer  24  begins  its  first  motion. 

From  the  piston  to  12  there  is  one  wave,  from  12 
to  24  a  second;  for  the  length  of  a  wave  ia  the  dia- 
tanec  between  two  particles  in  similar  conditions  of 
oscillation  ;  the  piston  and  the  layers  12  and  24  begin 
their  motion  simultaneously  to  the  right;  they  traverse 
their  course  in  the  same  direction,  returning  in  like 
time  and  manner. 

Each  wave  consists  of  a  rarefied  and  a  condensed 
part ;  the  former  ooiTcsponding  to  the  wave  deprcssioD, 
the  latter  to  the  wave  elevation  of  water-waves. 

The  distance  from  one  point  of  the  maximum  of 
density  to  the  next,  that  is  from  9  to  21,  and  likewise 
the  distance  from  one  point  of  the  maximum  of  rare- 
faction to  another,  consequently  from  3  to  15  is  also 
the  length  of  a  wave. 

Fig.  195  represents  the  moment  in  which  the  piston 
having  completed  its  oscillation  for  the  third  time,  haa 
created  three  perfect  and  successively  advancing  waves. 
llie  layers  that  move  in  the  same  direction  are  indi- 
cated  in    the    figure    by   being    juiued   together   by 
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brackets.  The  inidtlle  <if  one  of  tliesc  di\'ision8  always  correa- 
poutLi  to  a  niuxiuiuin  of  con  den  sat  ion  or  mrefactio]!,  the  layers 
of  air  l)cing  at  the  highest  point  of  their  speed  either  to  the 
right  or  left.  The  layers  of  air  occurring  at  the  [Kiints  of  contact 
of  two  bracketti  arc  luoiucntardy  at  rest,  being  either  at  the  right 
or  left  extremity  of  the  course,  which  they  traverse  during  tlieir 
vibrations. 

Since,  as  we  ithall  presently  sec,  the  speed  with  which  sound- 
waves are  transmitted  is  independent  of  the  time  during  which  each 
individual  particle  makes  a  complete  oscillation,  and  since  the 
wnve-length  in  the  distance  which  a  wave  advances  whilst  a  single 
layer  of  air  is  completing  a  perfect  oscillation,  it  is  clear  that  the 
wave-length  increases  in  the  same  proportion  as  the  tinieof  oscilla- 
tion  for  the  separate  layers  of  air.  If  the  piston,  and  consequently 
the  succeeding  layers  of  air,  require  double,  triple,  and  quadruple 
the  time  to  make  one  oscillation,  that  is  one  backward  and  forward 
motion,  the  wave-length  would  become  twice,  thrice,  or  fourfold 
as  great. 

We  have  here,  for  the  sake  of  simplicity,  considered  the  propa- 
gation of  air-waves  in  a  tube;  waves  in  free  air  are,  however, 
transmitted  in  the  same  manner  from  oscillating  bodies  in  all 
directions ;  as  circular  waves  are  formed  around  the  spot  in  the 
water  in  which  the  stone  has  fallen,  so  also  do  spherical  air-wavca 
arise  round  the  oscillating  1)ody. 

Wc  have  now  seen  the  manner  in  which  sound  (meaning  thereby 
all  action  on  the  organs  of  hearing)  arises  and  is  propagated;  the 
impressions  produced  ui>ou  our  hearing  are,  however,  very  various 
in  their  nature.  The  itound  heard  from  a  sudden  and  single  blow, 
as  fiMm  an  ex]>losioa  or  any  other  cauae  producing  strong  condensa- 
tion of  the  air,  and  then  advancing  iu  the  manner  already 
considered  without  tx'iiug  succeeded  by  further  waves,  is  termed  a 
report ;  a  sound,  on  the  contrary,  arising  from  regular  oscillations, 
and  jipopagatcd  by  regularly  succeeding  eqiml  waves,  is  called  n 
ioue.  If  the  undulatory  motion  transmitted  by  the  sound  to  the 
car  become  more  and  more  irregular,  the  tone  is  converted  into 
noise. 

There  arc  great  differences  between  tonetf  the  greatest  being 
that  manifested  between  hiyh  and  luw  tones.  Tlie  height  of  the 
tone  is  pro)K)rtional  to  the  shortness  of  the  times  of  oscillation  of 
the  body  producing  it,  aud  to  the  shortuesa  of  the  air-wave  pro- 
pagating it. 
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The  inttnsitij  of  the  tone  does  not  depend  npon  the  times  of  the 
oscillations  or  the  wave-length,  but  upon  the  amplitude  of  the 
oscillations;  the  greater  the  latter  is  in  the  soundinff  body,  the 
more  considerable  is  the  amount  of  condensation  and  the  succeed- 
ing rarefaction  of  the  air-wavca  transmitting  the  tone. 

The  sound  or  quality  of  the  tone  is  far  more  diilicidt  to  define 
than  its  intensity;  at  an  equal  elevation  of  tone,  the  character  of 
the  tones  produced  from  a  violin  are  very  difllreut  from  those  of  a 
flute;  natm*al  philosophers  are  not  agreed  as  to  the  cause  of  this 
difference,  but  it  is  probable  that  it  depends  upon  the  order  in 
which  the  velocities  and  the  changes  of  density  succeed  each 
other  in  the  different  layers  of  air  iQter\euiug  between  the  two  ends 
of  the  waves ;  and  that  in  many  cases  the  condensed  and  r&relied 
parts  of  the  same  may  be  unsymmetrical. 

Velocity  of  Sound. — All  tones,  whatever  be  tfieir  height  or  depth, 
their  intensity  or  quality  are  prnpagaied  through  the  atmosphere 
with  equal  velocity,  for  if  different  persons  listen  to  a  concert  from 
different  distanecsj  they  hear  exactly  the  siinie  measure  and  har- 
mony, which  would  be  impossible  if  the  higher  tones  advanced 
with  greater  or  less  rapidity  than  the  lower  tones. 

Wliile  light  ia  propagated  with  a  velocity  that  cannot  be  com- 
puted by  human  measurement,  sound  requires  a  given  time  to 
ad^'anee  to  any  distance,  and  hence  we  are  enabled  to  explain 
several  phenomena  which  we  have  often  occasion  to  observe. 
If,  for  instance,  we  watch  from  some  distance  a  stonemason  at 
work,  we  do  not  hear  the  sound  of  the  blow  at  the  moment  in 
which  we  see  the  hammer  strike,  but  only  after  it  has  been  raised, 
u  if  the  sound  were  produced  by  the  removal  of  the  hammer  from 
the  stone,  and  not  by  its  contact  with  it.  On  seeing  a  regiment 
march  to  the  measure  beaten  on  the  drums  preceding  them,  we 
observe  an  undulatory  motion  transmitted  from  the  drummers 
through  the  whole  rank,  which  is  explained  by  tlic  fact  that  all  the 
men  do  not  advance  simultaneously,  owing  to  the  hindmost  bearing 
the  beats  of  the  drum  later  than  the  foremost. 

The  rapidity  of  sound  may  be  ascertained  by  the  very  simple 
means  of  noting  the  time  that  intervenes  between  the  flash  and  the 
report  of  a  cannon  discharged  at  a  known  distance  from  the 
obsen'cr.  This  observation  admits  naturally  of  being  most  readily 
carried  oat  at  night.  Several  very  exact  experiments  of  this 
nature  were  made  by  a  party  of  scientific  men,  at  Paris,  in  1822. 
The  distance  between   the  cannon  and  the  ob»i*n'er  was  9540,6 
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toiscs  (1  toisc  =  C  Parts  ivvt),  and  54,6  secoiuls  intervened 
between  the  Hash  and  the  report;  whence  it  follows,  that  sound 
traveU  in  an  ordinary  state  of  the  atmosphere  174,9  toiaeii  =,1049,4, 
or  in  round  numbers,  1050  feet  =  340,88  metres  in  a  second. 

Through  other  media  the  rapidity  of  the  pn)paf?ation  of  sound  ia 
not  the  same;  being  transmitted  through  iron  16^,  and  through 
water  4J  times  faster  than  through  the  air. 

On  the  reflection  of  sounds  and  on  the  echo. — Ou  passing  firom  one 
medium  to  another,  sound-waves  alwayo  experience  a  partial  reflec- 
tion ;  wiiilc  on  cominj^  in  contact  with  a  solid  impediment,  they  are 
almost  cntii-eiy  reflected. 

Whether  the  reflection  be  partial  or  entire,  the  angle  of  reflec- 
tion is  always  equal  to  the  angle  of  incidence 
no.  196.  j;^^  ^  ^,^  p-^   jyg^  j^^  ^^^  separating  surface 

of  the  two  media,  say  air  and  water,  and 
suppose  a  sound-wave  move  in  the  direction 
d  i  against  the  surface  of  the  water,  one  por- 
tion of  the  motion  will  pass  over  to  the  water, 
while  another  will  be  transmitted  m  thu  diri-'ctiou  i  r,  which  makes 
as  great  an  angle  with  the  perpendicular  ip  as  f/i;  that  is  to  say, 
the  angle  <tf  reflection  r  i  p  is  equal  to  the  angle  of  incidence  d  i  p> 
The  same  phenomunon  would  occur,  according  to  the  same  law,  if 
St*  were  the  separating  surface  of  two  gases,  or  merely  of  two 
layers  of  gas  of  difft-rent  density,  or  if  a  s'  were  the  hounding 
siu-faee  of  a  solid  body,  excepting  that  in  the  latter  ca^c  the 
reflected  tone  would  be  far  more  intense.  An  observer,  therefore, 
standing  at  any  jioint  of  the  line  i  r,  would  hear  the  sound  as  if 
issued  from  i,  or  from  a  point  in  the  prolongation  of  the  line  r  i. 
Ou  this  general  principle  rests  the  explanation  of  an  echo. 

If  the  echo  send  the  tone  back  to  its  starting  point,  the 
sound-waves  strike  the  reflecting  siu'facc  at  right  angles.  In 
this  case,  an  echo  may  repeat  a  larger  or  smaller  number  of 
syllahles  under  conditiomt  that  may  be  easily  ascertained.  If 
we  speak  fast,  8  syllables  may  distinctly  be  uttered  in  2  seconds, 
but  in  that  period  of  time  sound  traverses  twice  &40  metres ;  if, 
therefore,  an  echo  be  at  a  distance  of  340  metres,  all  the  syllables 
will  be  given  back  in  their  proper  order,  the  first  coming  to  the 
speaker  in  2",  that  is,  when  he  has  givi-n  utterance  to  the  last 
syllable.  At  this  distance,  an  echo  may  therefore  repeat  7  or  8 
syllables  ;  there  are,  however,  echoes  capable  of  giving  back  14  or 
15  syllables. 
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The  reflecting  surface  need  luit  be  liitnl  mid  flatj  as  wc  often 
obHcrve  at  sea  that  clouds  foi*ni  an  echo. 

Sound-waves  must  also  be  reflected  in  a  cloudless  atmo9i]>hcre 
whrn  the  sun  develops  heat  uith  its  full  force  on  the  earth's 
8tu*facCj  since  the  radiatiou  uf  heat  cannot  be  equal  in  all  parts, 
owing  to  dampness,  shade,  and  other  causes.  This  unequal  tem- 
perature occasions  u  number  of  warm  ascending  and  cold  desccnd- 
iug  currents  of  air,  of  unequal  density ;  as  often,  therefore,  aa  a 
sound-wave  passes  from  one  ciurent  of  air  to  another,  it  will 
experience  a  partial  reilcctiou ;  and  if  this  be  not  strong  enough 
to  occasion  an  echo,  it  will  at  any  rate  materially  weaken  the 
direct  tone.  Thia  is  evidently  the  reason,  as  Humboldt  observes, 
that  sound  is  propagated  further  by  night  than  by  day,  even  in 
the  midst  of  the  woods  of  America,  where  the  many  silent  animals 
in  the  day  fill  the  atmospbere  during  the  night  with  a  thousand 
confused  noises. 

The  explanation  of  multiple  ecboes,  that  is,  such  aa  give  back 
the  sound  many  times,  rests  upon  the  same  principles ;  for  as 
one  reflected  tone  can  be  returned  anew,  it  is  evident  that  two 
reflecting  surfaces  may  mutually  reflect  a  tone,  as  two  opposite 
mirrors  reciprocally  rt*flert  light.  Thns,  an  echo  of  this  sort  may 
arise  iK'tween  two  distant  parallel  walls.  Ttiei'c  was  formerly  an 
echo  of  this  kind  at  Verdun,  occasioned  by  two  contiguous  towers, 
which  repeated  the  same  word  12  or  13  times. 

Tlierc  ara  likewise  echoes  wbieb  bear  a  tone  to  a  definite  spot. 

Let  us  assume  that  the  diagonal 
section  of  an  arch  is  an  ellipse, 
see  Fig.  197,  whose  foci  are  / 
and  f.  A  tone  issuing  firom  / 
will  be  reflected  from  all  parts 
of  the  arch  to  /",  it  being  a  pro- 
perty of  an  ellipse,  that  if  wc  draw 
lines  from  /and/  to  the  same  point  of  the  ciirve,  they  wHIl  form 
equal  angles  with  the  normal  of  this  point.  If,  therefore,  one 
person  stand  at/,  and  another  at/,  they  will  be  able  to  understand 
each  other,  although  they  may  speak  in  a  low  voice,  and  the 
distance  of  the  two  points  /  and  /  amount  to  from  50  to  100 
feet  while  not  a  word  can  be  heard  at  the  intervening  points. 

The  actions  of  the  speaking-trumpet  and  the  hearing-trumpet 
may  also  be  explained  on  the  principle  of  the  reflection  of  sound. 


FIG.  197. 


I.AW8    OF    THE    VIDRATIONS    O*    MUSICAL   TONES. 


195 


CHAPTER   II. 

LAWS    or   TRR    VIBRATIONS    Or    MUSICAL   TONES. 

Formation  of  reguiar  Air-waves  in  covered  pipes. — If  a  sound- 
wnve  enter  the  open  end  of  a  tube  closed  at  thi*  opposite  extremity, 
it  will  Ix-  reflected  on  the  surface  of  the  tuhe,  but  the  reflected 
waves  meeting  the  newly  entered  waves  will  form  standing  air- 
waves by  the  combined  action  of  both  wave  systems,  provided  the 
length  of  the  pipe  bear  a  proper  proportion  to  tbe  length  of  the 
sound-wave. 

If  we  awume  the  fength  of  the  tube  R  S,  Fig.  198,  to  be  Jth  of 

no.  198. 


the  length  of  the  sound-wave  entering  it,  then  the  distance  from 
the  opening  to  the  bottom,  and  back  from  the  bottom  to  the 
opening  is  exactly  (  a  wave-length,  the  waves  «f  incidence  and 
reflection  which  meet  ni  the  opening  of  the  tube  arc,  therefore, 
removed  from  each  other  half  a  wave-length  in  their  conrsc ;  the 
maximum  of  the  density  of  the  wave  of  incidence  coinciding, 
therefore,  witli  tlic  maximum  of  the  rarefaction  of  the  wave  of 
reflection,  and  conversely,  at  the  opening  of  the  tube  there  is, 
tberefore,  neither  condensation  or  rarefaction. 

Let  us  now  consider  the  condition  of  motion  of  the  layer  of  air 
Hlliug  in  a  state  of  equilibrium  the  opening  of  the  tube. 

Wc  have  already  seen  in  Pig.  194,  that  if  there  he  a  maximum 
of  density  in  a  definite  spot,  as  at  9,  the  particle  6,  whose  position 
of  rest  lies  one  fourth  uf  the  wave-length  from  the  point  of  rest  of 
the  particle  9,  will  be  moved  to  the  furthest  point  from  its  position 
of  equilibrium  in  the  direction  of  the  advancing  wave,  whilst  the 
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particle  12,  whose  position  of  equilibrium  lies  one  fourth  of  a  wave 
length  further  on  than  the  position  of  equilibrium  of  9,  will  assume 
at  thia  moment  a  state  of  equilibrium. 

At  the  niomentj  therefore,  in  which  the  maximum  of  density  of 
the  incident  wave  meets  the  bottom  of  the  tube,  the  layer  of  air  at 
the  openiu^  has  been  moved  to  its  maximum  advancement  toward 
the  right,  by  means  of  thia  incident- wave,  while  at  the  same 
moment  it  is  not  driven  to  the  opposite  side  by  the  reflected  wave; 
thus  it  appears  that  at  the  instant  in  uhidi  the  wave  of  incidence 
arrives  at  the  bottom  of  the  tube  with  the  maximum  of  rarefaction, 
the  layer  of  air  at  the  entrance  has  experienced  its  furthest  removal 
to  tlic  left  from  its  position  of  equilibrium,  by  the  influence  of  the 
reflected  wave  ;  the  layer  of  air  at  the  eutrauce  of  the  tube  vibrates, 
therefore,  alternately  Irom  right  to  left,  that  is,  towards  and  from 
the  bottom,  without,  however,  any  condensation  or  rarefaction 
occurring. 

All  the  remaining  layers  of  air  in  the  tube  have  now  simulta- 
neously a  similar  motion,  the  extent  of  the  vibrations  being  small 
in  proportion  as  they  lie  near  the  bottom.  Thia  is  illustrated  in 
Figs.  199,  200  and  201.     Fig.  199  represents  the  separate  layers 
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of  air  in  the  tube  in  their  positions  of  equilibrium;  from  this 
position  of  equilibrium  they  move  sinudtaneously  towards  the 
right,  reaching  the  position  of  Fig.  200  after  one  fourth  of  an 
undulation.  In  this  position  of  the  layers,  the  air  is  naturally 
strongly  condensed  at  the  bottom  of  the  tube.  All  the  particles 
then  move  simultaneously  from  the  bottom,  simultaneously  passing 
the  position  of  equilibrium,  and  simultaneously  reaching  the  ]>oRi- 
tion  indicated  at  Fig.  201.  At  this  moment,  a  rarefaction  takes 
place  at  the  bottom  of  the  tube. 

Onr  drawing  has  been,  for  the  sake  of  clearer  illoatration,  execs- 
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sively  exaggerated,  at  least  as  far  as  relates  to  the  amplitude  of 
OBcillation  as  occurring  in  a  pipe  of  the  length  represented^  for  the 
layer  of  air  in  a  state  of  equilibrium  at  the  entrance  of  the  pipe 
would  not  enter  so  far  into  itj  or  pass  so  far  out  of  it,  but  merely 
oscillate  a  little  to  the  right  and  left  during  the  vibrations.  If, 
however,  the  amplitude  of  oscillation  had  not  been  taken  on  so 
large  a  scale,  it  would  have  been  difficult  to  indicate  clearly  the 
difference  between  the  condensation  and  rarefaction. 

Here,  therefore,  a  rcgulai-  wave  has  also  been  formed  by  the 
interference  of  the  direct  and  reflected  waves,  for  all  the  separate 
layers  of  air  in  the  tube  begin  their  motion  simnltaneously,  simul- 
taneously reaching  the  limits  of  their  course,  and  then  beginning 
their  motion  in  opposite  directions. 

Figs.  202,  2a'5,  204,  arc  intended  to  illustrate  the  rarefactions 
and  condensations  alternately  produced  in  such  regular  air-waves. 

Fio.  202. 
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no.  203. 
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In  Fig.  202  the  whole  tube  is  uniformly  shaded,  and  corresponds 
to  the  case  where  the  air  is  of  uniform  density  throughout  the 
whole  tube,  as  it  is  in  the  moments  at  which  all  the  individual 
layers  of  air  pass  their  position  of  equilibrium  with  their  maximum 
speed.  If  the  particles  have  come  to  the  extreme  points  of  their 
course  in  their  oscillation  towards  the  closed  end  of  the  tube,  a 
condensation  takea  place  as  seen  in  Fig.  203. 

Now  the  separate  layers  of  air  begin  to  move  away  from  the 
dosed  end,  and  after  half  an  undulation,  wo  have  a  rarefaction  as 
in  Fig.  204. 

At  the  open  end  of  the  tube  there  is  at  no  moment  of  time  any 
marked  condensation  or  rarefaction,    the  layers  of    air  moving 
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305.  backwards  and  forwards  between  the  furthest  timits. 
The  arrows  in  Figs.  203  and  204  indicate  the  direction 
in  which  the  particles  begin  to  move,  when  the  condensation 
or  rarefaction  has  just  reached  its  maximum  at  the 
bottom. 

If  now  a  hole  be  made  in  the  tube  at  r  for  instance, 
it  will  hinder  the  fomiaticwi  of  the  regular  wave,  because 
the  air  will  escape  thence  at  the  moment  of  condensation, 
and  flow  in  again  at  the  moment  of  rarefaction.  But 
the  disturbing  ijiflucnce  of  such  an  opening  would  be  less 
considerable  nt  the  places  nearest  the  open  extremity, 
since  rarefaction  aa  well  aa  condensation  would  be  less  at 
such  points. 

Cutting  away  the  tube  at  these  parts  would  produce  the 
same  disturbing  effect  aa  an  aperture. 

The  formation  of  a  regular  air-wave  in  the  tube  ia, 
therefore,  dependent  upon  certain  relations  existing 
between  the  length  of  the  tube  and  the  wave-length  of 
the  incident  tone ;  in  the  case  we  have  considered,  the 
length  of  the  tube  was  one  fourth  of  the  wave-length  of 
the  incident  tone;  standing  air-waves  may,  however,  be 
found  in  the  tube  under  other  relntionK  than  those  we 
have  considered  between  the  tubes  and  the  wave- 
length. 

ft  is  essential  to  the  formation  of  regular  waves  in  the 
tube,  that  the  amplitndcs  of  oscillation  should  become  so 
small  as  almost  to  disappear  close  to  the  bottom,  but  that 
an  alternate  state  of  rarefaction  and  condensation  should 
take  place,  while  no  such  apparent  changes  are  goiug  on 
at  the  entrance  of  the  tube,  sine^;  there  the  condensed 
part  of  the  retlected  wave  must  always  coincide  with 
the  rarefied  portion  of  tlic  incident  wave,  and  inversely* 

This  condition  is  certainly  complied  with  in  making  the 
opening  of  the  tube  J  of  a  wave-length  from  the  bottom, 
the  same,  however,  is  effected  by  letting  the  distance 
between  the  entrance  and  bottom  of  the  tube  amount  to 
jth,  |th,  |th,  &c.,  of  the  wave-length. 

Id  Fig.  205  the  line  a  h  represents  the  length  of  the 

amounting  to  Jths  of  a  wave-length  ;  if  then  be  =  cd  =^  da 

ba  ^=  Jth  of  the  wave-length,    the    rarelied  portion  of  the 

will  be  at  c,  as  the  wave  system  advances  from  a  to  h,  while 
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the  condensed  part  will  be  »t  a,  because  c  and  o  are  removed  \  a 
wave-length  from  each  other.  If  the  wave  system  were  to  extend 
beyond  bj  a  condensation  would  again  occur  at  the  same  moment 
at  c',  and  a  rarefaction  at  o',  consequently  there  would  be  like 
conditions  at  a  and  €%  and  op^wsite  conditions  at  c  and  a' ;  but  now 
the  wave  is  reflected  nt  ft,  e'  therefore  coincides  with  c,  and  a'  with 
a ;  condensation  and  rarefaction  will  consequently  cease  at  c  as  well 
as  at  a ;  there  being  nothing  at  these  points  but  a  simple  motion 
backwards  and  forwards  of  the  layers  of  air  without  any  marked 
change  of  density. 

Let  us  now  see  what  goes  on  at  d. 

If  the  maximum  of  density  be  advanced  from  atx>  d,  it  would 
also  have  gone  on  from  c*  to  rf'  if  there  were  no  reflection  at  b  ; 
at  d  and  d'  there  are  consequently  always  equal  conditions  of  oscil- 
lation; but  by  the  reflection  at  b,  d'  is  tlirown  upon  d;  hence  the 
niaxininm  of  the  density  of  the  incident  and  reflected  waves,  and 
^  an  uudulutitm  later,  the  maximum  of  the  rarefaction  of  both 
coincide ;  and  consequently  there  will  be  here  altemately  an 
increased  condensation  and  rarefaction. 

If  now  wc  investigate  the  condition  of  oscillation  of  a  layer  of 
air  at  d^  wc  shall  And  that  it  has  no  motion,  fur  if  the  waves 
advanced  beyond  A,  there  would  be  equal  conditions  of  oscillation 
at  d  and  d*  which  would  always  move  towards  the  same  side  with 
uniform  velocity,  hut  if  the  wave  system  be  reflected,  the  reflected 
wave  of  the  layer  of  air  d  will  impart  an  opposite  motion  to  that 
which  it  would  have  imparted  without  any  i-eflection  of  the  layer  of 
air  d' ;  d  is  therefore  always  affected  by  both  wave-systems  with 
equals  but  oppositely  directed  velocities ;  and  consequently  ibis 
layer  of  air  must  remain  at  rest. 

The  Figs,  from  206  to  208  show  the  air-waves  formed  in  a  tube 
}ths  of  the  length  of  the  incident  sound-wave. 
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In  Fig.  206  wc  see  a  niaximmn  of  condensatiou  at  d,  and  a 
maximuu  of  rarefaction  at  the  bottom  of  the  tube  at  b  ;  all  the 
layers  of  air  lying  to  the  left  of  d  simultaneously  begin  their 
motion  in  the  direction  indicated  by  the  arrow ;  whilst  the  layers 
lying  to  the  riglu  of  d  begin  to  move  towards  the  right. 

After  \  of  an  undulation,  the  separate  layers  have  reached  such  a 
position  that  the  air  is  of  uniform  density  throughout  the  whole 
tube,  as  intended  to  be  represented  in  Fig.  207;  after  another  \  of 
an  undulation  moving  in  the  direction  indicated,  the  condition 
represented  in  Fig.  208  will  occur;  now  there  is  the  greatest 
condensation  at  b,  and  the  greatest  rarefaction  at  d. 

Prom  this  moment  the  separate  layers  of  air  again  begin  to  more 
towards  d,  and  then  the  condition  represented  in  Fig.  206  recurs 
after  ^  of  an  undulation. 

The  layers  of  air  lying  to  the  right  and  left  of  rf,  either  move 
simultaneously  away  from,  or  simultaneously  towards  d,  which  has 
no  motion ;  the  layer  of  air  d  forms,  therefore,  a  node  of  oscil- 
lation. 

The  points  c  and  a,  where  there  is  neither  rarefaction  or  conden- 
sation, but  whei*e  the  layers  of  air  oscillate  with  the  greatest 
amplitude,  are  termed  bellies. 

In  order  to  put  the  air  within  a  closed  tube  into  such  standing 
vibrations,  it  is  only  necessarj'  to  bring  an  oscillating  body  before 
the  open  extremity  of  the  tube,  which  may  give  such  a  tone,  that 
the  length  of  the  tube  is  equal  to  \,  |,  ^,  &c.j  of  the  wave  length 
of  the  tone. 

We  n»ay  use  for  this  purpose  an  ordinarj'  tuning  fork,  holding 
it  over  a  glass  tube  of  about  two  iuches  in  length,  closed  below  j  or 
we  may  take  a  glass  or  metal-plate  in  the  same  manner  as  when 
used  to  produce  Chludni*s  figures  by  the  helj)  of  the  bow  of  a 
violin,  holding  a  tube,  closed  below,  under  it.  If  the  tube  be  of 
the  right  length,  the  enclosed  air  being  thrown  into  a  state  of 
standing  vibrations,  will  become  resonant,  considerably  increasing 
thereby  the  intensity  of  the  tone,  as  may  be  clearly  perceived  by 
passing  the  sounding  body  backwards  and  forwards  before  the 
opening  of  the  tabe;  the  tone  becoming  alternately  stronger  and 
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weaker  as  the  body  is  brought  to  the  opening  or  beyond  it.  If 
the  tube  should  be  too  long  for  the  sounding  body  that  is  used,  it 
may  easily  be  brought  in  accordance  with  it  by  poxiring  water  into 
it ;  that  is  to  say,  it  may  be  thus  shortened  until  it  have  the  length 
proper  for  the  sounding  body. 

In  order  to  throw  the  enclosed  air  into  regular  vibrations,  or  to 
make  it  resonant  with  the  sounding  body,  it  is  not  indispensably 
ncccssaf)'  to  bring  a  sounding  body  before  the  opening  of  a  tube. 
Thus  in  organ  pipes  there  is  a  current  of  air  flowing  past  the  open 
end  of  the  tube  breaking  against  the  edges,  and  creating  by  its 
impulses  waves  that  are  reflected  on  the  bottom,  and  interfere  with 
the  newly  incident  waves.  Although  these  impulses  are  at  6r8t 
not  quite  regular,  they  are  soon  regulated  by  the  accession  of 
reflected  waves,  provided  the  tnbe  sound  well,  so  that  regularly 
standing  waven  are  formed  by  means  of  which  the  air  in  the  tube 
becomes  res«Hmnt. 

The  notes  yielded  in  this  manner  by  a  tube  are  of  the  same  kind 
as  those  which  must  be  given  forth  by  another  sounding  body 
brought  to  the  opening  of  the  tube  for  the  purpose  of  inducing 
spontaneous  sound  in  the  enclosed  air. 

The  simplest  way  of  making  air  sound  in  a  small  tube  is  by 
holding  it  in  a  vertical  ]>ositiou  before  the  mouth,  turaiug  the 
closed  end  downwards,  whilst  the  oi)en  extremity  is  held  to  the 
lower  lip,  and  wc  blow  obliquely  towards  the  edge  of  the  tube. 

Notes  are  naturally  higher  ijt  proportion  to  the  shortness  of  the 
pipes.  Organ  pipes  have  generally  the  arrangement  represented 
in  the  fullonnng  figures.     Wc  divide  them  into  the  pedal  yielding 
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the  wind,  the  vtottth  and  the  tithe  containing  the  column  of  air,  the 
vibratifm»  of  which  product'  the  note.  The  pedestal  is  hollow 
(Figs.  209  to  213)  and  through  this  cavity  the  wind  passes  by 
means  of  a  tine  slit  into  tUc  tube.  The  mouth-fiicce  b  b'  is  more 
or  less  open,  that  is  to  say,  its  upper  part  is  luorc  or  less  removed 
from  the  lower,  and  not  unfrequcutly  the  former  is  moveable,  no 
as  to  open  or  close  the  mouth-piece  at  will. 

The  organ  pipes  arc  filled  with  wind  by  means  of  bellows.  If 
air  be  blown  into  the  pedestal  of  the  tube,  there  will  be  a  thin 
layer  formed  at  its  passajj^  from  the  air-hole,  breaking  against 
the  upper  lip,  and  thiis  imparting  those  impulses  to  the  air  in  the 
tube  which  occasion  tht*  notes. 

The  same  tube  closed  at  one  extremity  may  yield  many  notes. 
The  deepest  having  a  wave-length  four  tuues  us  great  as  the  length 
of  the  tube ;  the  higher  notes  of  the  pipe  correspond  to  a  wave- 
length three  times,  five  times,  &c.,  as  short  as  the  wave-lengths 
occasioned  by  standing  vibrations  haWng  three  times,  five  times,  &c,, 
as  abort  a  duration  of  oscillation  as  the  deepest  note  of  the  pi|>e. 

The  pipe  yields  the  deepest  note  with  a  faint  wind,  and  the 
highest  notes  with  a  strong  wind. 

0pm  Pipes. — A  stronger  condensation  of  air  may  occur  at  the 
end  than  in  the  middle  of  the  pi]>e,  as  the  air  cannot  escape 
laterally  from  the  former.  If  now  the  condensed  portion  of  a  wave 
arrive  at  the  open  extremity  of  the  tube,  the  layers  of  air  may 
easily  escape  in  all  directions  on  their  passage  from  the  tube,  and  a 
rarefaction  tbcnce  arise  ;  which  being  reflected  as  it  were  from  the 
open  end  of  the  tube,  traverses  it  in  an  opposite  direction,  and  so 
standing  waves  are  here  formed. 

The  returning  wave  is  naturally  not  so  intense  aa  the  oiiginal 
one. 

As  a  condensation  always  coincides  with  a  rarefaction  at  the 
open  extremity  of  the  tube,  a  belly  must  necessarily  arise  here, 
while  nodes  of  oscillation  can  only  be  formed  in  the  interior 
of  the  tube, 

If  a  wave-length  /  belong  to  the  note  of  the  body  by  which  the 
air  in  the  tube  is  to  be  brought  to  sound,  the  length  of  the  shortest 

open  tube  corresponding  to  this  note  will  be  ^  ;  that  is   to   say, 

the  tube  is  half  aa  long  as  the  wave-length  of  ita  note.  If,  thcre- 
fon*,  the  deepest  notes  of  one  n|H;n  and  one  covered  i>ii>e  arc  to  l*c 
equal,  the  open  pipe  must  be  tisiee  as  long  as  the  other. 
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A  node  of  OHcillation  occurs  iii  the  middle  of  the  length  of  an 
open  tube  iti  forming  the  deepest  note,  and  a  belly  at  each  extre- 
mity, as  rcpi-caeuted  in  Figs.  214-  and  215. 

no.  2U. 
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Fig.  214  reprcscntB  the  moment  when  the  ^t;reateat  condensation 
lakes  place  in  the  middle  of  the  tube ;  while  the  layer  of  air  remains 
at  rest  in  the  tnbe,  the  air  begins  to  move  away  on  both  sides  from 
the  middle,  as  indicated  by  the  arrow ;  rarefaction  is  at  its  maxi- 
muni  half  an  undulation  afterwards  in  the  middle  of  the  tube,  and 
now  the  layers  of  air  befrin  to  move  towards  the  middle  from  both 
sideA.  In  the  next  highest  note,  a  bcUy  occurs  in  the  middle 
of  the  tube,  and  nodes  at  the  poiuts  a  and  b,  which  are  \  of 
the  length  of  the  tube  from  the  extremities.  If  condensation  be  at 
its  maximum  at  fi,  as  re])reaented  in  Fig.  21G,  then  the  rurefaction 
will  he  at  its  maximum  at  b,  and  conversely  as  seen  in  Pig.  217. 

ri«    216. 
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In  the  above  case,  the  wave-length  of  the  note  is  equal  to  the 
length  of  tlic  tube,  while  the  duration  of  oscillation  of  thia  note  is 
half  as  great  as  that  of  the  key-note  of  the  tube. 

The  third  tone  that  the  tube  can  give  has  a  wave-length  1§  times 
that  of  the  length  tjf  the  t»ibe;  in  this  lone  there  are  three  nodes 
of  oscillation,  one  of  which  lies  in  the  middle,  and  each  of  the 
remaining  two  at  i  of  the  length  of  the  tube,  or  i  of  the  wave- 
length of  the  engendering  soimd-wavc. 
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If  wc  designate  the  length  of  an  open  tube  by  /,  the  wave- 
lengths of  the  tones,  it  is  capable  of  yielding : 

2  1,^1,  II  kc, 
whiliit 

4/,  4/,  i^&c 

arc  the  wave-lengths  of  the  tones  that  can  be  produced  firom  a 
covered  pij>e  of  the  length  /. 

If,  now,  at  different  parts  of  an  organ-pipe  we  make 
holes  that  can  be  closed  or  opened  ut  will,  by  a  slide  as 
re])rc8onted  in  Fig.  218,  we  caii  prove  that  the  tone 
will  not  be  changed  if  the  opening  be  made  at  a 
belly,  although  it  would  be  altered  were  the  aper- 
ture at  any  other  part. 

Mitsical  notes. — As  we  have  now  learnt  to  know  the 
means  by  which  pure  notes  may  be  produced,  as  for 
instance  through  organ-pipes,  aiid  siucc  wc  have  seen 
how  the  height  and  depth  of  these  notes  depend  upon 
the  length  of  the  pipes,  and  consequently  that  we  may 
accord  such  pipes  at  will,  by  lengthening  or  shorten- 
ing the  tubes,  we  will  proceed  to  consider  the  series  of 
notes  made  use  of  in  music. 

Let  us  begin  with  the  fundamental  note  yielded  by  a 
covered  pipe,  4  feet  in  length ;  this  tone  is  designated  iu  music  as 
the  note  C. 

If  we  examine  the  notes,  which  combined  with  C  will  make  an 
agreeable  impression  upon  the  ear,  we  shuU  find  them  to  be  those 
whose  rapidity  of  oscillation  stands  in  a  certain  relation  to  that  of 
C;  their  wave-lengths  are  \,  §,  f,  4,  ^  of  the  wave-length  of  C; 
and  they  arc  consequently  those  that  would  be  produced  by  pi|)es 
whose  lengths  are  J,  ^,  J,  ^,  of  the  length  of  the  pipe  C. 

As  the  time  of  oscillation  stands  iu  an  inverse  proportion  to  the 
wave-length,  the  first  of  the  above-named  notes  will  make  two 
vibrations  while  C  makes  only  1 ;  this  note  is  the  octave  of  C,  and 
is  designated  as  r. 

Tlic  note  whose  wavc-lcnglh  is  J  of  that  of  the  note  C,  makes  8 
oseillationa  while  C  makes  2;  this  is  the  tifth  of  C,  and  is  desig- 
nated as  G. 

The  note,  whose  wave-length  is  }  of  that  of  C,  makes  4  vibra- 
tions while  C  makes  3 ;  it  is  called  the  fourth  of  C,  and  is 
marked  F, 
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The  note,  whose  waye-length  is  -f  that  of  the  note  C,  makes  5 
vibrations  while  C  makes  4 ;  it  is  the  major  third  of  C,  and  is 
marked  £. 

The  last  note  to  be  mentioned,  and  whose  wave-length  is  f  times 
as  great  aa  that  of  C,  makes  6  vibrations  while  C  only  makes  5 ; 
it  U  the  minor  third  of  C,  and  is  marked  E  flat. 

As  C  has  its  octave,  fifth,  fourth,  major  and  minor  third,  so 
there  are  likewise  an  octave,  a  fifth,  a  fourth,  and  a  major  and 
minor  third  for  e. 

The  fundamental  or  key-note  C,  with  its  major  third  E  and  its 
fifth  G,  form  the  common  chord  of  C  major. 

According  to  the  above  relatioua,  the  notes  below  make  vibra- 
tions simultaneously,  aa  follows  : 

C  E  F  G  e 

24  30  82  36  48 

In  order  to  perfect  the  whole  series  of  notes,  £,  F  and  G  must 
have  their  accord,  consequently  their  third  and  fifth,  as  well  as  C. 

The  fifth  of  G  is  a  note  vibrating  3  times,  while  G  only  per- 
forms 2  librations ;  there  are,  therefore,  to  36  vibrations  of  G,  54 
vibrations  of  its  fifth,  which  we  will  designate  as  i/;  the  next  octave 
below  d  is  marked  /),  and  makes  27  vibrations  to  36  of  G,  and 
24  of  a 

The  major  third  of  G,  designated  as  ff,  mnst  make  five  vibra- 
tions, while  G  only  completes  4;  there  arc,  therefore,  45  oscilla- 
tions of  H  to  36  of  G. 

As  24  is  to  36  (that  isj  C  to  G),  as  32  is  to  48  (or  Ftoc),c  is 
the  fifth  of  F, 

The  major  third  of  F  must  make  5  vibrations,  while  the  latter 
makes  only  4 ;  to  32  vibrations  of  F  there  will  consequently  be  40 
of  its  major  third,  which  we  designate  as  A. 

Thus  we  have  a  scries  of  notes  bearing  the  name  of  the  C  gamut. 
The  simultaneous  vibrations  are  as  follows : 

C      D      E      F      G      A      H      c      d      e  Sic, 
Vibrations:  24     27     30     32     36     40     45     48    54   CO 

The  differences  between  each  two  succeeding  notes  of  this  scries 
are  not  equal.  In  the  following  scries,  the  somewhat  deeper  break 
between  two  numbers  indicates  how  much  the  rapidity  of  oscilla- 
tion of  each  note  exceeds  that  of  the  succeeding  one. 

CD        E      F      G      A      H      c; 

i       i      tV      *      i       i      iS- 
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/)  accordingly  makes  H  tiiiii-s  as  uiuuy  vibrations  in  tbc  Bainu 
period  of  time  iis  C,  E  Iji,  times  as  maaiy  as  A  ^'li'v  times  as 
niuiy  a&  £,  &<:. 

The  interval  between  f7  and  D,  between  V  and  fi,  Fhnd  G,  G 
and  Wj  and  A  and  //,  ia  called  a  perfect  tone ;  we  disting;ui8h  them, 
however,  as  full  perfect  tones  if  the  interval  be  it,  and  small  perfect 
tones  when  it  is  only  ^. 

The  inten-als  between  E  and  F,  and  H  and  c,  arc  nearly  half  hh 
large  as  the  rest ;  they  arc  therefore  called  semi-tones. 

If  we  proceed  from  any  of  the  other  notes,  advancing  in  the 
same  order  of  intervals,  we  shall  in  the  same  manner  obtain  the 
various  gamuts ;  in  order,  however,  to  jiroceed  according  to  this 
arrangement  of  intervals  for  each  note,  we  must  insert  half-notes 
between  Cand  Dj  Fand  G,  and  G  and  H,  marking  them  thus: 
e  sharp,  e  ilat,  /  sharp,  g  sharp,  and  b. 

Through  the  gamuts  we  pass  from  the  key-note  to  the  major 
third;  and  then,  passing  over  the  minor  third,  to  the  fifth  ;  in  the 
soft-toned  gamuts,  on  the  contrary,  the  chord  is  formed  by  the 
key-note,  the  minor  third  and  the  fiftlus. 

A  iiiller  consideration  of  the  kinds  of  tone  and  the  gamut  Ijclongs 
to  the  theory  of  music,  aud  would  lead  us  bey4)nd  our  limits. 

If  the  fundamentd,  or  key-note,  make  1  vibration  in  a  given 
time,  the  major  third  must  make  i  in  the  same  time;  the  major 
third  of  this  note  will  make  i  ■  j  or  ^,  and  the  third  of  this  note 
4  •  f  •  i  or  iflV  vibrations.  The  latter  note  does  not  exactly  accord 
with  the  octave  of  the  fundamental  note,  which  cori'csponds  to  ^/ ; 
if,  therefore,  wc  proceed  through  full  thirds,  wc  do  not  reach  a 
pure  octave,  and  if  we  retain  the  purity  of  octaves  we  must  abstract 
from  the  jierfect  purity  of  thirds.  Tlie  same  is  the  case  with 
respect  to  pure  fil'ths.  We  are,  therefore,  obliged  to  act  the  notes 
somewhat  higher  or  lower  than  required  for  pure  thirds  or  fifths,  in 
order  to  retain  the  purity  of  the  octave ;  the  note  must  be  suffered, 
in  the  ordiuar)'  language  of  musicians,  to  float  somewhat  over  or 
under.  This  mode  of  balancing  is  called  the  tfmperature.  It 
would  carry  us  too  far,  however,  to  treat  of  the  separate  kinds  of 
temperature. 

If  the  ear  were  more  sensitive  than  it  is,  it  would  be  so  unplca- 
•antly  affected  by  the  impurity  of  the  thirds  and  Bfths,  as  aluiost  to 
preclude  any  enjoyment  from  music. 

As  we  have  now  bcoomr.  better  acquainted  with  the  various  desig- 
nations applied  to  notes,  wc  may  use  thcni  in  speaking  of  the 
different  tones  yielded  by  the  same  pipe.     lu  an  open  tube  or 
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pipe,  for  instflnce,  the  second  note  is  the  octave  of  the  key-note, 
while  in  a  covered  pipe  it  is  the  fifth  of  the  next  higher  octuve. 

The  dce|>cat  tone  applied  in  mnsic  is  that  yielded  by  a  covered 
pij>c  IG  feet  in  len^h.  Hut  now  wc  know  that  when  a  covered 
\n\Mi  gives  forth  its  deepest  notes,  its  wave-length  must  be  exactly 
\  of  the  wave-length  of  the  note ;  accordingly,  the  wavc-Icngth 
for  this  note  must,  in  an  ordinary  state  of  the  atmosphere,  be 
&l  feet. 

Sound  travels  about  1089  English  feet  in  a  second ;  if  we  divide 
this  number  by  G4-,  wc  Hiid  how  many  wave-lcnfd^hs  this  deepest 
note  advances  in  a  second ;  or  what  is  the  same  thing,  how  many 
oscillationB  are  necessary  in  a  second  to  produce  this  deepest 
rriuBical  note,  wc  find  the  lunnber  to  be  16,-1. 

In  like  manner,  we  find  how  many  oscillations  the  air  makes  in  a 
second  in  a  covered  pijH:  while  giving  its  deepest  note,  by  dividing 
four  times  the  length  of  the  pipe  [expressed  in  Paris  feet), 
by  1050. 

Music  altogether  comprises  9  octaves.  The  deepest  note  already 
spoken  of,  yielded  by  a  covered  pijic  16  feet  in  length,  is  desig- 
nated as  C. 

As  this  note  makes  16,5  vibrations  in  a  second,  the  following 
table  gives  the  number  of  vibrations  for  each  of  the  successive 
octaves  of  this  tone  : 

C 16,5 

£ 88 

C 66 

_c^ 132 

T 264 

T 528 

With  our  notes  the  tones  are  thus  expressed 

C     C     c 

c 
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Tones  of  stretched  strings. — ^The  most  important  laws  of  the 
vibrations  of  stretched  strings  are  as  follows ; 

1.  77ie  number  of  vibrations  of  a  string  is  inverseif/  as  its  length  ; 
that  is,  if  a  string  of  any  instrument,  as  a  \iolin  or  a  guitar,  be 
stretched,  and  make  a  certain  number  of  nbrations  in  a  given  time, 
it  would  make  in  the  same  time  2,  3,  or  4  times  as  many  vibra- 
tions, if  with  the  same  tension  we  let  only  i,  ^,  or  \  of  the  whole 
length  vibrate  ;  it  would  vibrate  J,  ->,  or  J  times  as  fast  if  wc  only 
SuflFered  J,  },  or  rf-,  of  the  whole  line  to  vibrate. 

3.  The  number  of  the  vibrations  of  a  siring  is  proportional  to  the 
square  root  of  the  stretching  weight ;  that  is,  if  the  weight  stretching 
the  string  were  made  4,  9,  or  16  times  as  great  whilst  the  length 
remained  unaltered,  the  velocity  of  the  vibrations  would  be  2, 3,  or 
4  times  as  great. 

3.  The  number  of  vibrations  of  different  strings  of  the  same  sub- 
stance  is  inrersehj  as  their  thickness.  If,  fur  instance,  we  take  two 
Btcel  wires  of  equal  length,  whose  diameters  ore  as  1  to  2,  the 
thinner  will  with  equal  tension  make  twice  as  many  vibrations  as 
the  thickLT.  This  law  does  not  always  hold  good  for  catgut 
strings,  as  they  are  not  absolutely  made  of  the  same  substance. 

An  instrument  called  a  monnchord  is  used  to  illustrate  the  most 
important  laws  of  stretched  strings  and  their  notes,  which  givt^s  out 
pure  notes,  and  admits  of  the  length  of  the  strings  being  measured 
with  great  exactness.     Fig.  219  represents  a  monochord.     AVe  may 
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strctcb  a  catgut  or  a  metal  string  to  prove  that  both  follow  the 
same  laws.  The  string  attached  at  c,  goes  over  a  kind  of  bridge 
at  /  and  A,  then  over  a  pulley  m,  being  tinally  loaded  with  the  weight 
p.  The  moveable  bridge  A  may  be  pushed  along  without  touch- 
ing the  string,  and  secured  by  a  press-screw  to  any  part  we  choose. 
Wc  shall  presently  sec  how  the  hollow  box  jr  s'  stones  to  strengthen 
the  note.  If  now  we  sup|>ose  the  string  to  be  sufficiently  stretched 
when   vibrating  freely  to  give  a  full  and  sure  note,  which  we  will 
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assume  to  be  the  starting  point  of  c,  wc  may  Ity  moving  tht  bridgoj 
make  the  «trii»g  yield  successively  the  notes  d,  e,/,  ff,  a.  A,  and  c. 
U  we  designate  the  length  of  the  string,  giving  the  fundamental 
note  c,  as  1,  we  shall  obtain  the  following  lengths  of  string  for  tlie 
otlier  notes : 


no.  220. 


/' 


We  must,  thercfote,  make  the  string  half  the  length  in  order  to 
make  it  jicld  the  octave,  other  conditions  remaining  the  same. 
But  as  the  octave  makes  twice  as  many  vibrations  as  the  funda- 
mental note,  a  ntring  half  the  length  will  make  double  the  number 
of  ribrations. 

To  obtain  the  fifth,  we  must  shorten  the  string  to  j  of  its  length  ; 
but  (he  Hfth  makes  ^  times  as  many  vibrations  as  the  fundamental 
note  in  au  equal  time, 

Tlie  number  of  vibrationa  of  strings  is,  therefore,  inversely  as 
their  length. 

To  obtain  an  octave  with  an  equal  length 
of  string,  we  must  attach  4  times  as  hejix-y 
n  weight,  and  \  as  heavy  a  one  for  the 
fifth. 

Laws  of  the  vibratiotis  of  blade  and  rods. 

— If  a  blade  or  rod  be  fastened  at  one  end 

(sec   Fig.  220),  and   l)e  touched  by  the 

bow  of  a  viohn,  or  simply  brought  out  of 

equilibrium   by  the  hand,  it  will  make  s 

scries  of  vibrations  between  /  and  /',  wlucb 

if  sufficiently  rapid,  will  produce  a  note. 

If  different  lengths  be  given  to  the  same 

I        j    H    blade,  the  number  of  the  vibrations  made  in 

1^1     11    **  g^^*^"  *^™*^  **^J  ^  invera<:ly  as  the  square 

T^j      I  jl     II    roots  of  the  vibrating  lengths. 

^        "  Of  reed'pipes, — A   tongue  is  generally 

a  vibrating  jilatc  wt  in  motion  by  a  current  of  air. 

Let  p  (Fig.  221)  be  a  plale  of  metal  2  to  3  mille- 
uietrcs  in  thitknes^,  having  a  rectangular  opt^ning, 
tf  6  c  rf,  3  centimetres  in  length,  and  from  7  to  8 
milienictrcs  in  bi-eudth,  iiver  which  a  \cry  thin  clastic 
brass  plate  is  fastened,  as  represented  in  the  dia- 
gram.    This  plate  can  vibrate  on  touching  the  edges 
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a  bt  b  c,  and  c  d.  In  this  uiamier  we  have  n  very  Bimple  tongue- 
work,  which  can  Iw  eet  in  motion  by  putting  the  plate  p  length- 
wise to  the  lips,  and  blowing  so  aa  to  direct  the  air  against  tlie  free 
end  of  the  plate  /.  The  latter  is  made  to  vibrate  by  the  current  of 
air ;  the  aperture  is  alternately  opened  and  closed  while  the  current 
Bret  pours  in,  and  then  is  checked  in  its  course ;  in  this  manner 
sound-waves  arise,  whose  length  depends  u|>on  the  number  of 
vibrations  which  the  dimensions  and  elasticity  of  the  plate  /  admit 
of  ita  making  in  a  given  time.  With  the  exception  of  greater 
intensity,  the  note  is  the  same  as  if  the  plate  were  made  to  vibrate 
by  mechanical  means.  If  we  fasten  several  such  bars  to  one  plate, 
choosing  such  as  will  yield  the  succeeding  notes  of  a  gamut,  we 
may  make  an  instrument  on  which  we  may  pluy  various  tunes. 

The  tongue*  work  of  an  organ  depends  upon  similar  principles, 
no.  222.  FIG.  223.    although  in  this  case  the  tongue  is  dif- 

ferently attached.  Here  we  distinguish 
two  contiguous  tubes,  /  and  V  (Fig.  222) 
a  stop  b  dividing  them,  and  the  actual 
tongue-piece  passing  through  the  stop. 
The  tongue-work  itself  is  represented  on 
a  larger  scale  in  Fig.  223,  and  consi-^ts 
ewtcntially  of  three  parts,  the  channel  r, 
the  tongue  /,  and  the  tuning-wire  z. 

The  channel  is  it  |)riBinatic,  or  half  cylin- 
drical tul>e,  closed  below,  and  open  at  the 
top,  having  an  aperture  at  the  side  by 
wliieh  both  tubes  arc  joined  together. 

The  tongue  is  the  vibrating  plate  ;  in 
its  natural  position,  the  lateral  opening  of 
the  channel  is  cither  entirely  or  almost  closed  by  it ;  that  is  to  say, 
it  touches  upon  the  edges  of  the  opening  with  its  three  free  edges 
during  its  oscillations ;  the  fourth  side  being  secured  to  the  tube 
either  by  a  screw  or  by  soldering. 

The  tuning-wire  is  a  strong  metal  wire,  doubly  curved  below, 
and  pressed  against  the  tongue  along  its  whole  breadth.  It  may 
be  pushed  up  and  down  in  the  stop  with  some  friction,  and  thus 
the  vibrating  portion  of  the  tongue  may  be  Icugthcnwl  or  short- 
ened, for  the  part  over  the  tuning  wire  cannot  vibrate. 

The  wind  of  the  bellows  enters  through  the  pedal  of  the  tube  V, 
and  pressing  against  the  tongue  to  procure  an  outlet,  forces  itself 
through  the  channel,  and  escapes  from  the  tube  /.     The  tongue 
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thus  brought  out  of  ita  equilibrium  retuma  immediately  by  means 
of  its  cbwticity,  making  vibrations  in  this  mpnncr,  which  last  as 
long  as  the  current  of  air  continues.  Fig,  222  represents  a  reed- 
pipe  in  which  the  part  of  the  tube  opposite  to  the  tongue  is  of 
glass,  the  better  to  show  its  working. 

Id  organs  the  reed-pipes  are  often  constructed  somewhat  dif- 
224     ferently,  by  the  edges  of  the  tongue  striking  upon  the 
^g,^        edges  of  the  chaunel,  as  exhibited  in  Fig  22-1. 
I     1/  If  a  reed-pipe  vibrate  of  itself  in  free  air — if,  consc- 

I         qticntly,   no  pipe,  or  only   a  relatively  short  one,  be 
placed  over  it,  its  rapidity  of  vibration,   and  therefore 
its  note,  depend  ui>on  its  elasticity  and  dimensions ;  if, 
however,  a  hmg  tube  be  pnt   on,   it    wdl  essentially 
modify  the  note ;  the  motion  of  the  tongue  depends, 
therefore,  more  upon  the  motion  of  the  air-waves  pass- 
ing backwards  and  forwards  in  the  long  pipe  than  upon 
^^^        its  own  elasticity ;  it  therefore  vibrates  less  of  itself 
~  ■        than  from  external  sgenta. 
■  Trattsmutaion  of  rihratiom   of  soxtwt  between  solidf 

I       fluid,  anil  aeriform  bodies. — If  several   solid  bodies  Ix; 
■I       united  together  in  a  whole,  the  vibrations  issuing  from 
,p        one  part  of  this  system  distribute  themselves  with  the 
rj  greatest  ease,  as  advancnig  waves  over  the  whole  mass  ; 

"  having  reached  the  conAnes,   the  waves  pass  only  par- 

tially into  the  eontigxious  medium,  the  aeriform  or  fluid  body  ;  they 
are  partially  reflected,  however,  and  regidar  vibrations  are  formed 
iu  the  separate  parts  of  the  solid  system  by  the  interference  of  the 
reflected  with  the  fresh  meidcnt  waves.  Such  a  system  forms  a 
whole,  which,  if  a  point  l>c  made  to  vibrate,  will  be  like  a  single 
solid  body  divided  into  separate  vibrating  parts,  divided  by  iiodca  of 
oscillation.  Each  separate  part  loses,  to  a  eertaiu  degree,  its  indi- 
viduality, while  its  connection  with  the  contigtious  parts  hinders 
it  from  vibrating  as  it  would  do  if  it  were  isolated. 

\Midc  sound-waves  are  easily  distributed  over  a  system  of  solid 
bodies,  they  |)ft8s  less  easily  from  a  soUd  to  a  litjuid,  and  with  still 
less  facility  to  a  gasiform  body ;  thus  it  happens  that  many  strongly 
vibrating  solid  bodies  only  yield  a  ver^'  weak  tone,  owing  to  their 
inability  properly  to  impart  their  vibrations  to  the  air.  This  is  the 
case  with  the  tuning-fork,  for  instance,  which  gives  forth  only  n 
faint  sound  on  being  struck  with  force  and  held  free  in  the  air. 
In  order  to  heighten  the  tone  of  such  n  body,  the  transmission 
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of  its  vibrations  through  the  atiniwplierc  must  be  increased  by 
resonance,  that  is,  by  endeavouring  to  transfer  the  regular  nbra- 
tions  of  thcBOundiug  body  to  another.  One  nicana  with  which  we 
are  already  acquainted  is  to  bring  the  low-toned  but  strongly 
vibrating  body  before  a  tube  of  proper  lengthy  and  to  cause  the 
enclosed  air  to  sound. 

A  second  method  of  strengthening  the  tone,  is  by  bringing  the 
sounding  body  in  contact  with  another  of  proportionately  large 
surface,  and  capable  of  being  readily  made  to  vibrate.  There  are 
then  re^idar  sound-waves  formed  upon  it,  as  we  have  already  men- 
tioned, which  are  more  readily  tmnHmitted  to  the  air,  owing  to  the 
large  area  of  the  sounding  {resonant)  body.  If,  for  instance,  we 
put  the  strongly  struck  tuning-fork,  which  yielded  in  the  open  air 
but  a  faint  sound,  upon  a  box  of  thin  elastic  wood,  the  note  will  be 
given  with  much  more  intensity.  On  this  principle  depends  the 
sounding-board  used  in  different  musical  instruments.  In  Hutcs, 
organ-pipes,  &c.,  no  such  application  is  necessary,  as  the  regular 
vibrations  of  a  mass  of  air  yield  the  note,  and  easily  distribute 
themselves  through  the  surrounding  atmosphere. 

As  vibrations  of  sohd  btidies  create  8ound-waves  in  the  air,  so 
likewise  sound-waves  may,  when  diffusing  thcrasclvea  through  the 
atmosphere,  cause  a  solid  body  to  vibrate  by  eoniing  in  contact 
with  it.  Thus,  for  instance,  we  see  the  string  of  an  instrument 
vibrate  if  it  come  in  contiict  with  the  sound-waves  of  the  note  it 
yields,  or  with  those  of  one  of  its  harmonic  notes  j  and  in  thia 
manner  the  panes  of  glass  in  a  window  shake  with  liolence  from 
the  in£uence  of  certain  notes  of  the  voice,  or  from  the  report  of  a 
cannon.  This  phenomenon,  which  is  strikingly  manifested  in 
susceptible  bodieJ<,  also  occurft  in  lm*ger  masses  and  in  less  elastic 
b<Hliea  ;  all  the  pillnrs  anil  walls  of  a  large  church  shake  more  or 
leSiS  strongly  during  the  ringing  of  the  bclU. 
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TTif  orgam  ofxpt'ecft. — It  is  well  known  that  the  \vind-]>ipc  is 
H  tube  ending  at  one  extremity  in  the  throaty  and  in  the  other  in 
the  litng^.  Its  especial  use  is  to  give  a  free  passage  to  air  both  in 
mspiratiiin  and  expiration  ;  it  is  almost  cylindrical,  being  composed 
of  rnrtitaginous  rings,  which  arc  united  together  by  flexible 
ineinbranoits  rings.  At  its  lower  extremity,  it  separates  into  two 
tubeSf  the  brvnchi,  one  of  which  goes  to  the  right,  the  other  to  the 
left,  iltich  4)1'  these  branches  is  further  ramified  in  all  directions 
in  the  tissue  of  the  lung.  At  ita  upper  end  the  wind-pipe  termi- 
nates in  the  hrtjnx,  which  is  essentially  the  organ  of  speech. 

Tlie  larynXf  consists  of  four  cartilages,  which  ossify  in  extreme  old 
age;  they  are  the  cricmd^  the  thyroid,  and  the  two  arytenoid c^r^* 
lagcs.  These  cartilages  are  connected  with  ime  another,  and 
likewise  with  the  up])er  rings  of  the  wind-pipe,  and  may  be  moved 
iu  the  must  varied  ways  by  means  of  different  muscles.  The  inner 
wall  of  the  lanjtut  forms  a  prulongation  of  the  wind-pipe,  contracting 
untd  it  becomes  nothing  more  than  a  mere  chink,  directed  back- 
ward, known  as  the  glottis. 

The  edges  of  the  glottis  are  principally  fonncd  by  the  chorda 
vucaUst  which  merge  anteriorly  in  the  thyrf»id  cartilage,  while  at 
the  opposit*  extremity  one  chorda  vocalis  is  incorporated  in  the 
other,  and  the  aec(md  to  the  other  arytenoid  cartilage,  so  that 
according  as  the  cartilages  are  brought  neairr  to,  or  further  from 
each  other  by  the  corresponding  nuiseles,  the  chorda  vocales  become 
more  or  less  stretched,  while  the  glottis  diminishes  or  enlarges. 
Tlie  ch&rdte  vocaies  themselves  consist  of  a  very  elastic  tissiie. 

Above  tlic  edges  of  the  glottis  there  are  two  sac-like  cavities,  one 
to  the  right,  the  other  to  the  left  side,  stretching  fn»m  eight  to 
nine  lines  sidewards,  and  having  a  depth  of  Hvc  or  six  lines;  these 
are  the  ventricuti  morgagni.     The  upper  edges  of  these  ventricals 
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form  as  it  were  a  ^ecoud  ^lottia,  lyi^^K  ^^^*  ^^  ^*  lines  above  the 
other.  The  upper  glottis  may  be  covered  by  the  epifflottiSf  which  ia 
an  almost  trian^ilar  membrane^  or  rather  a  cartilage;  it  is  attached 
to  the  glottis  anteriorly,  and  when  covt-riiig  it,  hinders  all  food  and 
drink  from  getting  into  the  wind-pipe,  since  they  must  pass  over 
it  to  enter  the  oesophagiiH. 

The  formation  of  the  larynx  will  be  more  clearly  illustrated  by 
the  accompanying  tigui'es.  yig.  225  presents  an  luiterior  view  of 
it }  Fig.  226  gives  a  lateral  view  ;  Fig.  228  gives  a  posterior,  and 
Fig.  227  a  superior  view,  leaving  out  the  muscles  that  move  the 


riu.  225. 


via.  226. 


Mil.  227. 


riti.  'IW. 


THE    ORGAN    OP    HEARTNO. 


215 


cartilage*,  aiid  tlius  stretch  the  chardte  voeaks.  In  all  thwM^  figiircs 
the  crecoid  cartiluge  is  detiignatcd  by  a,  the  thyroid  cartilage  by 
gt  the  arytenoid  cartilages  by  c,  and  the  epiglottis  by  d.  The 
latter  is  represented  turned  upwards  to  show  it  more  distinctly. 
In  Kis;.  227  we  aw  tlie  glottis  Ibrmed  by  the  two  lower  chord4g 
vocaies  stretched  Iwtwcen  the  thyroid  and  the  anytenoid  cartilages. 
In  this  figure  we  alao  ace  the  upjtcr  chorda  vocaies,  together  with 
the  ventriculi  nutryaynx  lying  between  them  and  the  lower  cHwda 
vocalet. 

The  formation  of  notes  in  the  larynx  is  quite  similar  to  that  of 
reed-])ipe9.  A  tongue-work  depends  upon  this  principle^  that  a 
body  yielding  on  a  blow,  either  no  notes,  or  such  only  as  arc  very 
faint  and  soundless,  may  by  continual  impulaca  of  the  air  create  a 
note  corresponding  to  its  length  and  elasticity.  In  the  larynx  the 
vibrations  of  the  chorda  vocalea,  by  which  the  glottis  is  closed  and 
opened  in  rapid  alternatiousj  occasion  the  notes,  as  wc  may  easily 
see  by  the  following  contrivance  made  to  imitate  the  larynx. 

Cut  a  piece  measuring  abriut  1^  inches  from  a  thin  plate  of 
caoutchouc  [yummi  elasticum)^  and  let  it  be  of  suflBcieut  breadth  to 
be  folded  round  a  glass-tube  about  six  or  seven  lines  in  diameter; 
lay  this  so  round  the  glass  c)*linder  that  one  half  may  surround  the 
latter,  and  the  other  half  project  beyond  it;  if  we  bring  the  two 
fre»hly  cut  edges  of  the  caoutchouc  together,  they  will  adhere  firmly, 
aitd  thus  obtain  a  caouU'houc  cylinder  fastened  to,  and  projecting 
beyond  the  glus^i  cylinder,  to  which  it  must  l>e  Kt!cured  in  the 
manner  represented  in  Fig.  229.  If  now  we  fasten  the  caoutchouc 
no.  22a.  cylinder  at  its  upper  extremity  to  two  separate 

pointJi,  pulling  it  apart,  a  chink  will  be  formed 
(as  seen  in  the  figure)  with  caoutchouc  edges, 
and  if  we  blow  into  the  pipe  superiorly,  we 
obtain  a  tone  which  is  high  in  proportion  to 
the  force  exerted  by  the  lips.  We  may  thus 
clearly  ace  the  vibrations  of  the  two  caout- 
chouc projections  forming  the  chink. 
Jf  "^B  The  height   and  depth  of  the  tonca  of  the 

P        1»  larynx  likewise  depend  upon  the  tension  of 

the  chorda  vocates. 
The   Organ  of  Iharing  eonsists  of  three  main  parts  :  the  outer 
eiir  formed  by  the  concha,  and  the  cxtenial  meatus,  the  cavity  of 
the  /ymjMHum  wparatcd  from   the  above  meatus  by  the  mcnibmne 
of  the  tyntpanumy  and  the   labyrinth.     The   hibyriiith   consists  of 
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osseous  cavities  filled  with  a  tiuid,  and  through  which  the  auditory 
nerve  is  distributed ;  iu  order  to  enable  these  nenes  to  aet,  the 
sound-vibrations  of  the  Huidl,  which  is  wholly  Rurrouudedby  bones, 
must  be  transuiitted  into  the  labyrinth  ;  this  is  effected  by  two 
openings  of  tbe  labyruith  leathng  intu  the  catHttj  of  the  tympanum; 
they  are  termed  the  foramen  ovale  imd  the  fenestra  rotunda ;  the 
latter  is  covered  with  u  tender  menibrune,  while  the  fonner  has  a 
small  bone  inserted  into  it,  by  means  of  a  membranous  investment. 
This  l>one,  which  is  termed  the  stupes,  we  arc  about  to  describe 
more  fully. 
Fig.  230  represents  the   labyrinth   on  an    enlarged   scale,  and 

Fio.  230. 


partly  opened.  It  consists  of  three  parts,  tlie  cochlea,  the  ve^iti- 
bule,  and  the  semi-circuliu*  canals.  The  auditory  nerve  is  distri- 
buted partly  in  tbe  vestibule,  where  it  rests  on  the  anipullie,  the 
tnbes  lying  in  the  semi-cireulur  canals,  and  tilled  with  a  peculiar 
fluid,  and  more  especially  ui  due  ramitications  to  the  cochlea.  The 
convolutions  of  the  cochlea  are  st'paruled  into  two  ])art8  by  a  fine 
osseouA  partition-wall  ruimiug  parallel  to  one  of  tbfse  convolutions. 
This  wall  is  very  porous  and  cellular,  and  the  former  ramiticatitma 
of  the  auditory  nene  termiuute  iu  these  cells,  a.smaybe  seen  in  the 
exposed  part  of  the  cochlea  in  our  ligure. 

The  sound- vibrations  are  conveyed  by  means  of  the  little  bonea 
in  the  cavity  of  tbe  tympanum  to  the  labyrinth.  These  bones  arc 
the  malleus,  which  with  its  handle  grows  into  the  side  of  the 
membrane  of  the  Lyiiipanum;  (he  ineuA  joining  the  uialleus  and 
connected  uith  the  stapes   through  the  os  orbieulariie ;  the  stafwa 
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closing  thtt  foramen  ovale.  The  relative  ixisition  of  all  the*u; 
parts  may  be  seen  iii  P'ig.  231,  representing  the  labyrinth  on  a  very 
much  enlarged  scale;  a  in  the  external  meatus  that  conveys  the 


no.  231. 


ur^. 
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tHiUud-vtaves  from  the  concha  to  the  membrane  of  the  tympanimi. 
This  latter  divides  the  cavity  uf  the  tympanum  from  the  externa) 
nieittus.  The  tympanic  rarity  i:*  connected  by  the  Kustachian 
lube  b  with  the  cavity  of  the  mouth,  by  which  means  the  uir  in  the 
former  cavity  can  always  be  in  equilibrium  with  the  external  air; 
d  is  the  malleus,  growing  into  one  side  of  the  membrane  of  the 
tympanum,  while  on  the  other  side  it  is  inserted  into  the  incus  e ; 
/  is  the  stapes,  which  as  we  see,  closes  the  foramen  ovale  j  o  is  the 
fenestra  rotunda;  n  is  the  auditory  nerve  distributed  through  the 
labyrinth. 

The  separate  parts  of  the  organ  of  hearing  do  not  lie  so  free  as 
might  ap|>car  from  Fig.  231 }  the  osseous  casing  which  encloses  the 
whole  being  omitted  for  the  sake  of  giving  distinctness  to  the 
figure,  llie  external  meatus  itself  passes  through  the  temporal 
bone,  the  cavity  uf  the  tympanum  is  surrounded  by  osseuus  walls, 
and  the  labyrinth  is  formed  in  a  part  of  the  temporal  bone^  called, 
on  account  of  its  hardness,  the  petrous  portion,  trom  which  it  can 
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only  be  wiparated  with  difficulty.  In  order  to  afford  a  correct  idea 
of  tlie  separate  pai-ts  of  the  organ  of  licariiig,  and  the  manner  in 
which  they  grow  in  the  osseous  mass,  we  have  given  at  Pig.  232 
an  actual  anatomical  section  of  the  parts,  represented  according  to 

their  natural  size ;  a  \a  tlie 
section  of  the  cochlea,  b 
of  one  of  the  aeuii-circuUr 
canals,  n  the  nerve,  i  the 
membrane  of  the  tjinpa- 
Dum,  the  malleus,  incun, 
and  Btapcs,  arc  also  clear- 
ly  deliiied. 

Tlie  concha  serves  to 
receive  the  air-waves  and 
conduct  them  through  the 
meatus  to  the  membranes 
of  the  tympanum  ;  the 
latter  is  thus  put  into 
vibrations  which  arc 
transmitted  through  tlic 
ossicles  and  through 
the  air  in  the  cavity  of 
the  tympaniun  to  the  la- 
byrinth. Tlic  membrane 
of  the  tympanum  may  be 
made  more  or  less  tense 
and  drawn  inwards  by 
means  of  the  muscle  / ;  while  by  the  umscle  «,  the  stapes  may  be 
moved,  and  the  intensity  of  the  aound,  therefore,  considerably 
modified. 

The  most  essential  part  of  the  organ  of  hearing  is  the  anditory 
Mtrve;  hence  the  membrane  uf  the  tyukpanuni  may  be  injured,  and 
the  scries  of  the  ossicles  broken  without  the  hearing  wholly  censing ; 
in  nuny  of  the  lower  animals,  as  in  the  crab,  the  organ  of  hearing 
consists  merely  of  a  vesicle  tilled  with  ttuidj  in  which  the  vessel  of 
hearing  is  distributed. 
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INTRODUCTION. 

or    LIGHT. 

Thb  most  casual  observation  tcachfs  us  that  a  luminoua  point 
sends  its  light  in  all  directions ;  a  burning  taper,  for  instance, 
placed  in  the  centre  of  a  spherical  surface  would  be  visible  from  all 
points  of  that  surface ;  the  same  is  the  case  with  regard  to  a  phos- 
phorescent body,  an  electrical  spark,  &c.  What  is  evident  to  oiur 
common  experience  on  a  smalt  scale,  takes  place  alike  iu  the  vast 
expanse  of  heaven.  Tlie  suu  sheds  its  light  in  all  directions  of 
space ;  ita  light  reaches  simultaneously  the  earth  and  the  other 
planets,  the  comets  and  all  the  other  bodies  of  the  firma- 
ment, be  their  poNtion  what  it  may  in  the  boundless  space  of 
heaven. 

All  luminous  bodies  consist  essentially  of  ponderable  matter ;  a 
vacuum  may  transmit,  but  it  cannot  engender  light.  All  common 
bodies  admit  of  being  di\ided  into  smaller  and  still  smaller  parti- 
cles, and  the  ultimate  physically  perceptible  atoms  are  termed 
iuminous  pointt.  As  every  body  is  an  assemblage  of  molecules  or 
atoms,  so  la  a  luminous  body  an  asaemblage  of  luminous  points. 

Bodies  which  are  not  self-luminous  are  divided  into  ojjaquc 
as  wood,  stones,  metals ;  trangparenif  as  air,  water,  glass ;  and 
trarulucent,  as  thin  paper  and  ground  glass. 

Opaque  bodies  do  not  suffer  hght  to  pass  through  their  mass ; 
but  opacity  always  depends  upon  the  thicknesa  of  the  body,  for  all 
bodies  will  admit  uf  the  passage  of  some  degree  of  light  if  wc 
make  them  sufficiently  thin.  For  instance,  we  may  perceive  a 
bluish-green  light  through  a  thin  gold  leaf  glued  on  a  glass  plate, 
if  we  hold  it  to  a  taper,  or  up  to  the  light. 
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Transfjttrenl  bodies  yield  n  piiswigt;  to  li^clit,  and  allow  of  oiir 
seeing  with  diatinctncas  the  tWm  uf  objects  beyond  them.  Gases, 
fluids,  and  most  crystallized  bodi*»«  appear  to  be  perfectly  trans- 
parent when  taken  in  small  quantiliea;  for  in  this  ea^e  they  seem 
to  be  wholly  colourless,  and  not  only  adniit  of  our  seeing  the 
{orm,  but  also  the  colour  of  objects :  transparent  bodies  appear, 
however,  to  be  coloured  if  they  are  thick — ^a  proof  that  they  must 
absorb  some  portion  of  light.  A  drop  of  water,  for  instance, 
appears  wholly  colourless,  whilst  the  same  Huid  taken  in  a  mas!< 
has  a  well-marked  green  hue. 

Translucent  bodies  adtnit  of  the  transmission  of  some  portion  of 
light,  without,  however,  allowing  the  form  or  colonr  of  objects 
being  recognised.  As  long  as  a  ray  of  light  remains  in  the  same 
medium,  it  advances  in  a  straight  line ;  but  as  suon  as  it  cronies  in 
contact  with  another  body,  it  is  partly  thrown  back,  reflected  (torn 
its  aurlace ;  it  partly,  however,  enters  the  body,  if  it  he  transparent, 
in  an  altered  direction,  and  is  then  refracted.  We  shall  consider 
the  subject  of  reflection  and  rcfi*action  more  fully  in  a  subsequent 
page. 

The  velocity  with  which  light  travels  is  so  great,  that  it  traverses 
all  distances  upon  earth  in  an  imperceptibly  small  space  of  time. 
By  meaus  of  obsenatious  on  the  cchpsca  of  Jupiter's  satellites, 
astronomers  have  ascertained  that  light  is  transmitted  with  such 
velocity  as  to  traverse  the  space  between  the  sun  and  the  earth  in 
eight  minutes  and  thirteen  seconds,  pa:^iug  consequently  over 
195,000  English  miles  in  one  second.  A  cannon  ball  going  at  tbc 
rate  of  1200  feet  in  a  second  would  require  foartcen  years  to  go 
from  the  snn  to  the  earth. 

Shadows  and  katf  shadows. — ^A  consequence  of  the  straight  trans- 
mission of  light  is,  that  a  dark  Iwdy  ex|H)sed  to  rays   of  light, 
throws  a  shadow;  if  only  lighted  by  a  single  lnminou8  body,  it 
is  easy   to   define    the   shadow.      The    totality   of   all    the   lines 
no.  2S3.  issuing     froui    the    luminous 

point,  and  striking  the  dark 
body,  forms  a  conical  surface, 
and  the  part  of  it  lying  beyond  the  dark  body  forms  the  limits  of 
the  shadow. 

If  the  luminous  body  have  any  considerable  expansion,  there 
will  be  a  half  shadow  distingiiishable  beyond  the  tnic  shadow. 
The  shadow,  which  in  this  case  is  the  central  shadow,  is  the 
niacc  receiving  no  light,  the  half  shadow,  on  the  contrary,  is  the 
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aggregate  of  all  the  apota   receiving  light  from  some  Inminous 

no.  234. 


[xtintSj  but  not  from  others.  Lc*t  A  (Fig.  234)  be  u  lurge  lumi- 
nous sphere,  B  a  small  opaque  one.  The  figure  clearly  shows  tbc 
extent  of  the  true  shadow  and  the  half-shadow.  Tlic  shadow 
would  assume  the  appearance  shown  at  Fig.  235^  if  received  upon 
Fio.  234.  a  screen  m  n.     The  diameter  of  the  tnic  slmdow 

diniiuishcs  with  the  distance  of  the  luminous 
body,  while  tlie  diameter  of  the  half  shadow 
increuea.  The  true  shadow  is,  therefore^  sur* 
rounded  by  a  narrow  half  shadow,  close  to  the 
shading  bodies  ;  close  to  the  back  of  the  shading 
body,  the  outline  is  somewhat  sharply  defined  ; 
at  an  i^icreased  distance,  the  width  of  the  half-shadow  is  more 
considerable,  and  the  transitioTt  from  the  true  shadow  to  the  full 
light  on  that  account  more  gradual,  while  the  shadow  instead  of 
being  shaqjly  derined  seems  imperceptibly  disappearing.  Beyond 
the  point  s,  the  true  shadow  entirely  cea-tes,  and  the  half  shadow 
increasing  continually  in  breadth,  becomes  on  that  account  fainter 
and  more  undefined. 

In  this  manner  we  may  understand  how  the  shadow  of  a  body 
exposed  to  the  sun's  light  is  sharply  defined  close  behind  it,  while 
at  a  greater  distance  it  becomes  quite  undetiued.  Thus,  for  instance, 
we  cannot  aecimitely  mark  the  point  where  the  shadow  of  the  apex 
of  a  ste4;plc  is  lost  upon  the  ground.  A  hair  held  tip  in  the  sun- 
light close  to  a  Kheet  of  paper  will  casta  sharp  nhudow,  whde  if  held 
two  inches  above  it,  a  shadow  is  scarcely  to  be  observed.  If  now 
the  light  isKiiing  from  a  luminous  jkoint  be  thr*)Wii  upon  a  screen, 
through  which  a  small  apertuiv  han  been  ma<lc,  the  tight  jiasaing 
through  this  opening  will  form  a  well  defined  ray ;  if  we  let  this 
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(led  the  two  lifi^hts  ure  at 


appear 
equul  distances.  Kiit  If  L  yi(Od  niort!  liglit  at  an  equal  distaucej 
the  shadow  R  will  be  leas  dark  than  A^  and  in  order  to  make  both 
nhadowH  alike,  it  would  be  neciMisary  to  remove  L  further  from 
the  screen. 

If  we  assume  that  L  were  really  so  far  removed  that  both 
(thadows  were  again  made  equal,  the  intensity  of  light  yielded  by 
the  two  tianics  wovild  be  as  the  squares  of  their  distances  from  the 
screen  ;  if,  thei-cfore,  L  were  two  or  three  times  further  from  the 
screen  than  i,  the  intensity  of  lig:ht  fioni  L  would  be  four  or  nme 
times  as  gi'eat  ^  that  of  A 
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REFLKCTIOS    OF    LIGHT. 


Reflection  of  light  from  smooth  surfaces. — If  we  let  a  ray  of 
sun-light  enter  a  darkened  room,  and  fall  upon  a  polished  metallic 
surface,  we  generally  notice  the  two  following  phenomena : — 
1.  We  observe  a  ray  which  sccnifi  to  have  come  in  a  certain 
direction  from  the  mirror,  forming  a  little  image  of  the  sun 
upon  the  objects  with  which  it  comes  in  contact,  as  if  a  direct 
sunbeam  had  struck  the  spot ;  such  rays  are  regularly  n^fiected, 
and  the  intensity  of  their  light  is  more  considerable  in  proportion 
as  the  mirror  ia  well  polished  ;  2.  From  different  parts  of  the 
dark  room,  we  may  distinguish  that  part  of  the  mirror  which 
is  struck  by  the  incident  suubenm  ;  this  arises  from  a  portion 
of  the  incident  light  being  irregularly  reflected:  that  is,  scattered 
in  all  diriTtions  from  the  incident  sunlxam.  Tlie  intensity  of 
the  scattered  light  is  greater  iu  proportion  as  the  mirror  is 
imperfectly  jwlishcd. 

If  there  were  absolutely  smooth  reflecting  surfaces,  we  should 
not  he  able  to  perceive  the!u  by  our  eyes,  for  bodies  an*  only 
rendered  perceptible  from  a  distance  by  the  rays  scattered  upon 
their  Bur&ccs.  Regularly  reflected  rays  show  us  the  images  of 
the  luminous  point  whence  they  originate,  but  not  the  reflecting 
body.  In  a  very  good  mirror  we  scarcely  perceive  the  i-cHccting 
surface  intenening  between  us  and  the  images  it  shows  us. 
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Wt^  H-ill  now  priK-Pctl  to  deUruiine  tlit-  ilireclion  of  regularly 
retlwrtcd  ruys.  In  Fig.  239,  if  r  i  be  the  direction  of  the  incident 
ray,  and  i  p  a  |>er|>endicular  drawn  from  the 
surface  of  the  nurror ;  the  ray  will  be  reflected 
in  such  a  direction  i  d  that  the  angle  of  reflec- 
tion dip  is  equal  to  the  angle  of  incidence  rip; 
the  ray,  therefore,  makes  bef<»re  and  after  iu 
reflection  the  same  ani^lo  with  the  per])endicular  ;  farther,  the 
incident  ray,  the  perpendicular  and  the  reflected  ray,  all  lie  in 
the  same  plane. 

By  the  help  of  the«e  principle*  we  may  cAftUy  prove  that  a 
plane  mirror  must  show  the  ima^^  of  objects  lying  before  its 
smooth  surface,  and  that  the  images  and  object  must  be  symme- 
trical in  relation  to  the  reflecting  plane. 

Let  m'm  (Fig.  240)  be  a  smooth  mirror,   /  a  himinous  point 

before  it,  and  throwing  a  ray  /  i  upon 
it.  This  ray  is  now  reflected  in  the 
direction  t  c,  in  oceordancc  with 
known  laws,  and  if  the  reflected  ray 
impinge  upon  the  eye,  it  will  produce 
the  same  eflcct  as  if  it  came  from  a 
[mint  behind  the  mirror,  lying  upon 
the  prolongation  of  e  i,  and  at  a 
distance  from  the  eye  eqnal  to  the  Rpnrc  the  ray  must  i*eally 
traverse  from  /  to  i,  and  from  thence  to  the  eye ;  wc  there- 
fore And  this  point  /',  by  prolonging  c  i  and  making  i  I'  =si  I, 
If  now  we  join  /  and  /'  by  a  straight  line,  wc  may  easily  show 
that  the  triangles  /  i  k  and  /'  t  Jt,  are  equal  to  one  another,  and 
thence  it  further  follows  that  /  /'  is  at  right  angles  to  m  m'^ 
and  that  i  k  =^  I'  k.  In  order,  therfifurr,  to  find  tfie  image  of  a 
luminous  point  on  a  smooth  mirror^  it  «r  only  wceasary  to  let  fall 
a  perpeiidiadnr  from  the  luminous  point  on  the  mitror^  or  o»  its 
prolongution,  and  to  prolong  it  ats  far  behind  the  siuface  of  the 
mirror  as  the  luminmts  point  lies  before  it. 

As  this  applies  to  any  point  of  a  body  emitting  light,  whether 
that  light  be  its  own,  or  scattered  rays,  wc  ntay  easUy  construct 
the  image  of  an  object.  Ijet  V  IV  be  a  plane  mirnir  (Fig.  241), 
A  Ji  fi\i  arrow  lying  before  it:  we  shall  find  the  image  of  the 
point,  if  we  let  fall  a  perpendicular  A  k  from  A  to  the  surface 
of  the  mirror,  and  make  ita  prolongation  a  k  equal  to  A  k\  all 
the   rays  pa.H.sing  fmm  A  appear  to  diverge   after   reflection    as 
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"**•  ^*^'  if  they  came  fn)m  a;  o  is  therefore 

«he  image  of  ^;  in  the  same  way 
it  follows  that  b  must  be  the  image 
of  B ;  the  appearance  of  the  figure 
shows  clearly  that  both  the  image 
and  the  object  are  symmetrical  in 
relation  to  the  aurface  of  the  mirror. 

The  direction  of  the  rctiected  light 
may,  therefore,  be  determined  with 
f:romctrical  exactitude ;  but  this  ia 
I  lot  the  case  w  ith  respect  to  the 
intensity  of  the  reflected  rays. 

In  general  the  following  holds 
good : 

1,  The  intensity  of  regularly  re- 
flected light  increases  with  the  angle 
of  incidcnci'j  \sithuut,  however,  being  null  at  rectangular  inci- 
dence. 

2.  It  depends  upon  the  mediam  in  which  the  light  moves, 
and  against  which  it  impinges. 

Wc  will  here  adduce  a  few  examples  for  the  sake  of  making  the 
matter  clearer. 

If  the  raya  passing  from  the  flame  of  a  taper  fall  nearly  at  right 
angles  on  a  plate  of  ground  glass,  wc  are  unable  to  distinguish  any 
image  of  the  flame,  but  perceive  it  plainly  when  the  rays  fall  upon 
the  glass  obliquely;  in  this  case  we  may  also  sec  the  image  on 
polished  wood,  shining  coloured  paper,  &c. ;  whence  it  follows  that 
the  quantity  of  reflected  light  is  increased  in  proportion  with  the 
obliquity  of  the  rays. 

Angles  of  reflection. — If  two  mirrors  be  placed  together  at  any 
angle,  we  see  many  images  of  the  objects  intcn'cning  between 
them,  their  number  depending  upon  the  inclination  of  the  mirrors. 
Let  K^Fand  ZIV^  in  Fig.  242,  be  two  plain  mirrora,  meeting  at 
right  angles ;  and  A,  a  luminous  point  within  the  angle  formed  by 
them.  In  the  first  place  an  image  of  A  will  l>e  seen  in  each  mirror, 
appearing  in  the  one  at  a,  and  in  the  other  at  a' ;  an  eye  at  O  will 
sec  besides  the  object  A,  the  imager  a  and  a*  reflected  from  .^  by  a 
single  reflection.  But  all  rays  reflected  from  one  mirror  may  fall  upon 
the  other  mirror,  and  suflfer  reflection  from  the  latter.  As  all  the 
rays  reflected  from  the  first  mirror  diverge  as  if  they  came  from  a,  a 
is  to  some  extent  an  object  which  sends  rays  to  the  mirror  Z  fV, 
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anil  we  may  coiiflcquently  easily  Hud  the  ifHt^cted  iiiiatrc  o(  ain  t\w- 
niirrur  Z IV;  let   us   uow   let  fall  a  perpendicular  Irom  a  on  the 
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pmlnn^ntion  oi  Z  W,  producing  it  in  tlie  manner  nlieady  indirated. 
when  wc  obtain  the  image  a",  from  whicli  all  the  rays  appear  to 
eniatkate,  which  are  reflected  from  the  mijTor  V  H''to  the  mn-ror 
Z  W,  whwtt  they  undergo  a  tingle  reflection ;  and  thus  the  eye  at 
O  perceives  another  image  at  a"  alter  a  second  reflection. 

But  the  image  a  is  an  object  for  the  mirror  V  W^  and  if  wc 
detennine  the  aUtuiliriu  (if  the  image  of  »',  we  find  lliat  it  irt  like- 
wise a'  ;  that  \»,  all  lite  niy«  reflected  fn>in  Z  IV  uj>on  the  mirror 
K  IV,  diverge  after  the  second  reflection  as  if  thev  came  from  fl". 

The  rays  ntlected  a  Becund  lime  do  not  fall  n|Km  either  of  the 
mirrors;  or  in  other  wurda,  no  further  image  of  a"  is  visible;  rtc 
therefore  see,  besides  the  object  A  in  this  case,  thice  images 
of  it. 

If  the  mirrors  had  inclined  at  an  aii^le  of  GCT.  45'*,  or  36*^,  that 
is,  if  the  angle  they  made  amounted  to  the  ^,  i,  or  -^  of  the 
whole  circumference,  we  should  have,  inclusive  of  the  object  itself, 
6,  8.  or  10  imam's. 

Upon  this  principle  rests  the  construction  of  the  kaleidoscope. 

As  we  have  seen,  the  number  of  the  images  increases  if  the 
angle  be  diminished ;  their  number  beeumes  lulinitely  great  if  the 
angle  of  the  mirrors  be  null;  that  ia  if  the  mirrors  be  parallel  to 
each  other. 

Rffiection  from  curved  mirrors. — If  a  ray  of  li^ht  fall  upou  a 
curved  surface  at  any  point,  it  will  be  re0eel*'d  rxarllv  aa  if  it  had 
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fallrn  upon  the  plane  tnnc;ent  to  this  point.  A  himinmiR  point 
which  is  placed  iu  tlie  eoutre  of  a  polii^hcd  sphere,  therefore,  will 
send  rays  of  light  to  all  points  of  the  Bphcrical  surface,  which  will 
be  all  thrown  back  eo!b;ctivcIy  to  the  centre. 

If  we  take  a  hollow  sjilicre,  whose  inner  surface  is  well  polished, 
then  a  piece  cut  from  this  sphere  by  a  plane  forma  a  concave 
sphfricnl  mirrnr ;  while  a  convex  spherical  mirror  is  a  section  of  a 
sphere  polished  externally. 

The  diameter  of  a  spherical  mirror  is  the 
line  m  m*.  Fig.  243,  connecting  two  opposite 
points  of  the  edge ;  the  line  c  o,  connecting 
tlie  niiildle  point  of  the  sphere  with  the  middle 
of  tlic  mirror,  is  termed  its  axis;  and  the 
nii;rle  fonned  by  the  lines  c  m  and  c  m',  its 
aperture.  The  central  point  c  of  the  sphere, 
of  whirh  the  mirror  is  a  part,  is  also  called  the  centre  of  cui'vature. 
Of  concave  sj)herical  mirrors. — Let  A  B,  Fig.  2-14,  be  the  section 
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of  a  spherical  coneav*-  ninrur,  wIiohc  centre  tts  m.  Let  a  be  a 
lumiuous  jjoint,  throwing  its  rays  upon  the  mirror.  If  now  we 
draw  a  straight  line  a  m  d  from  the  point  a  thn^ugh  the  centre  of 
the  sphere  to  the  mirror,  this  line  will  be  the  a.vis  of  the  coal 
pencil  of  mys  reriected  by  the  min-or.  It  is  easy  to  find  how  a 
ray  n  b  of  this  j)encil  of  rays  is  reflected  from  the  mirror,  for  the 
straight  line  di-awn  from  //  to  the  focus  m  is  the  per|)endicular  at 
the  point  of  incidence.  If  we  make  the  angle  i  ^  to  the  angle  i', 
h  c  is  the  reflected  ray. 

If  we  suppose  a  circle  lo  be  drawn  upon  the  mirror,  whose 
points  are  all  as  far  from  d  na  b,  it  in  easy  to  see  that  all  rays 
emitted  from  /t,  and  striking  the  mirror  at  any  p4>int  of  this 
circle,  are  so  reticct<^  tliat  they  cut  the  axis  a  d  in  the  same 
point  c. 

If  the  Inminmis  point  be  very  far  removed,  we  may  consider 
all  the  rays  it  throws  upon  the  mirror  as  parallel  to  each  other. 
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Let  us  delemiiue  tbe  position  of  the  point  c  for  this  case.     In 
Fig.   245   let   a  b   be  au    incident  ray   of  light   paraUel  to   tbe 

axis ;  A  m  the  perpen- 
ilii'vilar  at  t]ic  point  of 
incidence ;  then  it  is 
L'vidcDt  that  i  ^  x.  If 
liow  the  angles  i  and 
X  are   very    small,   the 


angle  6  c  m  ia  80  obtuse  that  the  sum  of  the  sidea  b  c  and  cm 
is  not  much  greater  than  thp  radius  h  in,  and  since  be  :=  c  m, 
cm  is  very  nearly  equal  to  J  A  m,  that  is,  almost  equal  to  half 
the  radius ;  we  may  therefore  assume  without  any  serious  error 
that  rays  parallel  with  the  axis,  falling  upon  the  mirror  in  such 
points  It  that  the  arc  b  d  cnibrares  but  a  small  angle,  meet 
at  one  point  of  tbe  axis,  lying  cqui-tlistant  between  the  centre 
of  the  mirror  and  the  mirror  itself,  flax's  lyin^  so  near  the  axis 
that  the  value  of  m  c  docs  not  ditl'er  uiuteriaily  from  ^  m  b 
arc  termed  central  rays.  The  |>oint  of  union  of  the  parallel  and 
central  incident  rays  bears  tbe  name  of  the  principal  focus.  (It 
will  be  marked  F  in  the  following  Hgun-s.)  This  focus  ftes,  at  we 
have  sern,  equi-distat*t  between  the  centre  of  the  minor  and  the 
mirror  itself  upoti  the  axis  of  the  parriHei  ratjs, 

no.  246.  rui    2\1. 


The  more  the  angle  i  increases,  that  i^  the  further  the  rays  fall 
from  the  axis  of  the  mirror,  the  greater  is  tbe  curvature  of  the 
mirror  from  the  point  of  incidence  to  its  centre,  and  the  more  the 
|ioint  c,  in  which  the  reflected  rays  cut  the  axis,  approache» 
the  mirror.  Tbe  point  of  union  of  the  rays  that  are  not  central 
liea,  therefore,  nearer  to  the  mirror  itself  than  the  principal  focus, 
as  may  be  seen  from  tbe  Fig.  217. 

In  order  to  make  a  concave  mirror  applicable  to  optical  purposes, 
the  rays  emitted  from  one  point  must  re-unite  ns  nearly  as 
jiossihlc  in  auolher  single  point.     This,  however,  is  only  |Mj>giblc 
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if  the  aperture  of  the  mirror  be  inconsiderable,  not  exceeding, 
at  most,  8  to  10^;  for  in  that  case  we  may  consider  uU  the  rays 
falling  upon  the  mirror  as  central  rays.  Wc  will  confine  ourselves 
to  the  consideration  of  such  mirrors,  and  conBcquently  of  central 
rays  only. 

The  above  mentioned  fault  that  all  rays  falling  parallel  with 
the  axis  are  not  united  exactly  in  one  point  is  termed  spherical 
aberrativn. 

If  the  luminous  point  is  not  at  an  uni*casonable  distance,  but 
8iin[)ly  such  a  one  that  we  cannot  neglect  the  divergency  of  the 
rays  falling  upon  the  mirror  the  focus  will  change  its  position, 
departing  more  and  more  from  the  mirror  the  nearer  the  luminous 
point  approaches  it.  That  such  ia  the  case  may  easily  be  seen 
from  Fig.  248.     The  nearer  the  luminous  point  is,  the  smaller 


will  be  the  angle  i  to  the  same  point  b  of  the  mirror,  the  smalle 
aUo  will  be  the  angle  i',  and  the  more  c  will  move  towards 
tn.  If,  therefore,  a  liuuinous  point  constantly  approaches  the 
mirror,  from  which  it  was  so  far  removed  that  its  rays  were 
again  conctntrate^l  in  the  principal  focus,  the  focus  will  continue 
to  recede  from  the  principal  focus,  approaching  the  central 
])oiiit,  UTitil  at  last,  when  the  luminous  point  is  in  the  centre 
of  the  mirror,  the  focus  coincides  with  it.  If  the  luminous  point 
approach  Htill  nearer  to  the  mirror,  the  focus  falls  farther  and 
farther  from  the  mirror ;  and  if  it  airives  at  the  principal  focus, 
its  rays  will  be  reflected  from  the  mirror  parallel  with  the  axis. 
Fig.  249  represents  the  only  remaining  case,  namely  that  of 
,    .   _';  the    luminous   point  s  lying   between  the 

mirror  and  the  principal  focus.  Here  the 
I  tya  are  so  reflected  that  they  diverge  after 
liL'  reflection  as  if  they  had  come  from 
1  [K)int  r  King  behind  the  mirror,  and 
liieh  may  easily  he  found  by  construction 
lor  any  given  case. 
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We  have  bitlierto  considered  only  such  luminous  points  as 
lie  on  the  axis  of  the  mirror,  where,  consequently,  the  axis  of  the 
rays  thniwn  upon  the  mirror  coincides  with  the  axis  of  the 
mirror  itsi^lf.  All  the  laws  we  have  hitherto  developed  apply, 
however,  equally  to  such  luininou.s  jwints  as  lie  out  of  the  axis 
of  the  mirror ;  let  ^  be  such  a  luminous  point  in  Fig.  250.     U 
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we  draw  a  liiic  iVciUi  A  ihiough  m  lu  the  mirror,  tlus  is  the 
axis  of  the  conical  pencil  of  rays  cast  on  the  mirror,  and  on 
this  axis  all  the  rays  emanating  from  A  must  again  unite.  If 
a  whole  pencil  of  rays  fell  parallel  to  A  m  b  upon  the  mirror, 
they  would  re-unite  after  reflection  in  the  point  /,  lying  half 
way  between  m  and  b ;  as,  however,  the  rays  coming  from  A 
diverge,  their  point  of  re-union  will  lie  further  from  the  mirror 
than  /.  We  may  easily  find  this  point  of  onion  by  construction. 
Let  us  draw  a  line  A  n  from  A  parallel  with  the  axis  of  the 
mirror.  A  ray  falling  upon  the  mirror  in  this  direction  will 
evidently  be  reflected  towards  the  principal  focus  Fj  if  now  we 
draw  a  line  from  n  through  F,  this  line  will  cut  the  line  A  m  b, 
the  ixiint  of  intersection  a  is  clearly  that  in  which  all  the  rays 
coming  from  A  are  again  united  after  their  reflection  by  the 
mirror  :  in  short  a  is  the  image  of  A, 

Of  the  images  produced  by  concave  mirrurs. — In    Fig.  251  let 
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A  B  represent  an  object  lying  between  the  centre  of  curvature 
C  of  the  mirror,  and  the  principal  foeu«  F.  Fi\>m  what  lias  been 
already  said,  it  is  easy  to  find  the  image  of  the  point  ^  as  it  lies 
upon  the  line  drawn  through  C  and  A^  since  a  ray  ^  n  is  rcHected 
in  the  direction  n  A.  A  ray  A  e  falling  fi-om  a  parallel  to  the 
main  axis  on  the  mirror,  will,  however,  be  rejected  by  the 
principal  focus  F.  The  rays  reflected  in  the  directions  n  A 
and  e  F  intersect  each  other  at  a,  and  here  is  the  image  of  A, 
In  like  manner,  we  can  Hnd  the  image  b  of  the  point  B,  and 
thus  we  see,  that  by  means  of  a  concave  mirror,  toe  matj  obtain 
beyond  C  an  inverted  and  enlttrged  image  of  an  object  A  B  lying 
between  the  principal  focal  point  and  the  centre  of  cun^afwe. 

As  the  rays  issuing  from  A  are  united  at  a,  so  conversely,  if  a 
were  a  luminous  point,  the  rays  issuing  from  it  would  be  reHccted 
by  the  mirror  at  A  ;  in  short  A  is  in  this  cAse  the  image  of  a;  in 
Uke  manner  B  is  the  image  of  6.  If  therefore,  an  object  a  b  Ae 
beyond  the  centre  C,  tfte  concave  mirror  will  givt;  an  inverted  and 
diminished  image  between  the  centre  C  and  the  principal  focal 
point  F. 

The  images  wc  have  been  considering  are  cHScntially  different 
from  those  yielded  by  plane  mirrors.  All  rays  emitted  from  a 
luminous  point  are  reflected  from  a  plane  mirror  in  such  a 
direction  as  if  they  came  from  a  point  behind  the  mirror,  conse- 
qnently  they  diverge.  In  tlie  cases  above  considered,  however,  the 
rays  issuing  from  any  point  of  the  object  are  actually  again 
collected  by  means  of  the  uiiiTor  in  one  point ;  wc  will,  therefore, 
for  the  sake  of  distinction  call  these  images  convergent  images. 
They  may  be  received  on  a  screen  of  white  paper  or  ground  glass, 
and  an  image  may  be  thus  obtained  exactly  resembling  the  object 
in  all  its  relations ;  the  points  of  the  screen  strongly  illuminated 
by  the  concentration  of  the  rays  scatter  the  light  in  all  directions, 
and  the  image  is  then  still  Wsiblc  if  the  rays  reflected  from  the 
mirror  do  not  come  direct  to  the  eye. 

The  further  the  object  is  moved  from  the  concave  mirror,  the 
more  the  image  must  approach  the  principal  focal  point,  as  may 
easily  be  understood ;  the  image  of  the  immeasurably  remote  sun 
must  therefore  lie  in  this  focal  point,  if  the  axis  of  the  mirror  be 
directed  towards  the  sun.  If  the  sun-beams  fall  obliquely,  and 
consequently  not  in  the  direction  of  the  axis  of  the  niirrt)r,  the 
miagc  will  uf  course  no  longer  be  in  the  axis,  but  to  the  fi^ide  of  it, 
its  distance  from  the  mirror  being,  however,  always  equal  to  half 
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the  ratliuB  of  curvuture  of  iht*  latter.  As  thr  sun  appears  to  us  Ht 
ttn  ftn^lc  of  about  30*,  the  image  of  the  sun  scea  from  Cinunt 
appear  nt  the  same  angle ;  its  absolute  sise  depending  consequently 
upon  the  radius  of  curvature  of  the  mirror.  For  instance  in  the 
focus  of  Herschel's  large  reiicctor,  wliosc  radius  of  curvature  ts  50 
feet,  the  sun's  image  is  about  3  inches  in  diameter;  the  diameter 
of  the  sun's  image  ia  about  3  millimetres  if  the  radius  uf 
curvature  of  the  miiTor  be  1  metre. 

In  order  to  tind  the  radius  of  curvature  of  a  concave  mirror,  we 
need  only  measure  the  distance  at  which  the  sun's  image  lies  from 
the  mirror,  since  twice  this  distance  is  equal  to  the  radius  of 
curvature  required.  The  images  of  such  objects  as  arc  removed 
more  than  100  timca  the  length  of  the  radius  of  curvature  from 
the  mirror  arc  extremely  near  the  focus  itaelf. 

Wc  have  still  to  ascertain  the  |>oeition  of  an  image  for  the  case 
where  tlic  object  lies  between  the  mirror  and  the  focus.  We  have 
acen,  that  all  rays  emanating  from  a  luminoua  point  that  is  nearer 
to  the  concave  mirror  than  is  the  principal  focal  point,  are  reflected 
04  if  they  came  from  a  point  behind  the  mirror ;  in  the  case  we  are 
about  to  consider,  there  cannot  therefore  arise  any  oombiuvd 
convergent  image. 

no.  252. 


Let  AB,  Fig. 
252,  be  the  object 
whose  image  we 
would  seek.  The 
ray  -^  n  fulling  at 
ritfht .  angles  upon 
the  mirror  is  re- 
riected  in  the  direc- 
tion 7t  A  C,  while 
the  ray  A  e,  which 
strikes  the  mirror  in  a  Jirtction  parttlKl  tu  its  axis,  will  be  thrown 
back  towards  the  principal  focal  |K)int  F;  the  rays  «  A  C'and  *  F 
do  not  however  coincide,  but  their  directions  intersect  each  other 
behind  the  mirror  at  a,  if  prolonged  sufficiently  backwards;  and 
tliis  point  a  is  the  image  of  A.  In  like  manner,  the  image  6  uf  the 
jwint  B  may  be  found  ;  if  therefure  the  object  lie  j6*»/kwm  the  focus 
and  the  mirror,  a  magnified  and  rrcci  image  wift  fall  bvhiwl  thr 
mitror ;  it  is  therefore  precisely  tlie  sjune  as  imagca  of  plane 
mirrors,  with  the  exception  of  the  enlargement  of  the  image. 
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Convex  mirrora  have  no  actual,  but  merely  an  imaginarVt  or  as 
it  is  cotiimonly  termed,  a  virtual  focus,  that  is  to  say,  tlie  rays 

incident  upun  them  arc  not  united  at 
one  point,  but  diverge,  after  reflection, 
in  such  a  manner  as  if  they  had  come 
from  a  point  behind  the  mirror.  If 
rays  parallel  to  the  axis  fall  upon 
convex  mirrors^  their  imaginary  focus 
will  be  hidf  way  between  the  mirror 
and  the  centre  c.  It  is  consequently 
easy  to  construct  the  images  obtained  by  these  uiirrors- 

Let  F  ^^  be  a  convex  mirror.  Fig.  254,  A  B  an  object  before  it. 

A  ray  A  n  falling  at 
right  angles  to  the 
mirror  will  be  re- 
dected  in  the  direc- 
tion n  A,  while  the 
ray  A  e  parallel  to 
the  axis  will  be 
reflected  in  the 
direction  e^r,  as  if 
it  came  from  the 
vertical  principal 
focus     F.       If    we 


riG.  254. 


prolong  e  ^  hilI  ti  A  ImckwariU,  these  will  cut  each  other  behind 
the  mirror  at  a ;  here  therefore  is  the  image  of  A^  that  is  to  ny, 
all  rays  emitted  from  A  are  reflected  by  the  convex  mirror,  m  if 
they  came  from  a. 

After  we  have  foimd  the  image  b  of  the  jwint  of  B,  we  shuU 
easily  perceive  that  we  obtain  «n  convex  mirrors  diminish^  erect 
images  behind  the  mirror. 

Of  the  focal  lines  or  caustics, — Although  the  rays  of  light 
emitted  from  a  luminous  i>oint  do  not  unite  again  in  the  same 
point  after  their  reflection  from  a  curved  surface,  every  two  adjacent 
reflected  rays  will  always  intersect  each  other ;  all  points  of  iuter- 
seetiou  of  two  adjacent  rays  reflected  in  the  same  plane  yield  a 
curved  line,  termed  the  focal,  or  caustic  line,  and  their  nature 
depends  upon  the  nature  of  the  reflecting  surface.  All  caustic 
lines  pi-oduccd  by  a  reflecting  curved  surface,  form,  when  taken 
collectively,  n  cuned  surface  termed  a  caustic  surfa^ce.     Near  this 
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tlie  intensily  of  tlie  light 
is  the  greatest,  as  ue  may 
sec  by  the  heart-shaped 
line  forming  itself  withiu  a 
cylindrical  vessel  or  a  ring, 
when  either  is  lighted  hy 
the  raya  of  the  sun  or  of 
a  Hanic.  Fig.  255  shows 
a  focal  Hue  of  this  kind 


formed  by«  curved  rrtlcetiiig  stri|i  i>r  steel. 


CIIAITER  II. 


DIOPTRICS,    UH    THK    REFRACTIUN    OP    LIUUT. 

Rv  rrfntciion  we  mean  the  deviation,  or  change  of  direction 
siilfcred  by  a  ray  of  light  in  passing  from  one  medium  to  another. 
The  following  experiment  will  convince  us  of  the  actual  occurrence 
of  i^iicli  a  change  in  direction. 

]^t  us  lay  a  piece  of  money,  or  a  piece  of  metal,  m^t  the  bottom 
riQ.  256.  of  a  TCtsel  v  f,  Fig.  2^6,  and 

d  iivct  the  eye  o  in  such  a 
manner  m  to  sec  merely  the 
edge  of  the  object,  while  the 
rest  of  it  appears  covered  by 
the  rim  i  of  the  vessel.  If 
DOW  water  be  poured  into  the 
vessel,  the  piece  of  money  will 
ap|>car  to  rise  more  and  more, 
and  as  the  level  of  the  water  rises  in  the  vessel,  the  whole  piece  of 
money  wUl  at  last  become  visible,  appearing  to  lie  at  n,  although 
in  the  meantime,  neither  the  object  nor  the  eye  have  changed  their 
positions.  The  light  no  longer  comes  iu  a  straight  line  from  m  to 
o,  but  describes  the  broken  line  m  i  o. 

Thr  anifle  of  incidence  in  nfniction  as  in  reflection  is  the  angle, 
which  the  ijieident  ray  li,  Fig.  267,  makes  with  the  perpendicular 
i  rt  let  fall  at  the  point  of  incidence. 
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FIG.    2&7. 
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The  angle  of  refraction  is  that  aiif^lt:  made 
by  the  it'iVacted  ray  I'r  with  the  pruluiigation 
I  n'  of  the  pei'pcndiciilar  at  the  poiiit  of 
ijiiidcuce. 

The  plane  vf  inciHence  ia  that  which  paaaes 
tlnoiigh  the  incident  ray,  and  the  perpen- 
dicular at  the  paint  of  incidence  j  the  plane  of  refraction  pasaes 
through  the  retVacled  ray  and  the  above  perpendicular. 

The  plane  of  refi-action  corresponds  with  the  plane  of  incidence, 
but  the  following  relationa  exist  between  the  angle  of  incidence 
«ud  the  angle  of  refraction. 

Let  /  6,  Fig.  258,  be  a  ray  of  light  falling  upon  a  surface  of  water, 

and  Iff  the  corresponding  refracted 
ray.  If  wc  now  suppose  a  circle  to 
be  drawn  around  A,  it  will  intersect 
the  incident  ray  at  a,  and  the 
rcfracCed  ray  at/;  and  letting  fall  a 
pei'pondicnlar  a  d  from  a^  and  another 
///'  fruui  /on  the  perpendicular  at 
the  point  of  incidence  then  f  d,  will 
be  J  of  a  d. 

The  same  relation  tdways  exists  in 
the  passage  of  a  ray  of  light  from 
the  air  into  water  between  the  direc- 
tion of  the  incident  and  the  refracted 
ray.  If  in  Fig  259  the  incident  ray 
/'  c  were  refracted  towards  c  r*,  I  e 
towards  c  r,  and  /"  c  towards  c  r", 
then  r''/'  =  |  /"  rf',  r/  =  J  Id  and 
r'f  =  3  /'  d'. 

If  the  radius  of  the  circle,  Fig. 
259,  be  :^  1,  we  call  the  above- 
mentioned  perpendicular  the  sine  of  the  corresponding  angle;  /'  d* 
ia  the  sine  of  the  angle  I'  c  p  ;  I  d  ^=  ein.  i  c p;  I"  d"  ■=.  sin. 
i"ep;  in  the  same  manner  r' /  ^  *i«.  r*  c p' ;  r/=win,rep'; 
r"f'  =  sin.  r"  cp'. 

By  the  introduction  of  this  designation,  the  law  of  refraction  for 
the  passage  of  rays  of  light  from  air  to  water  may  be  aimply 
expressed  a^  follows : 

The  sine  of  the  angle  of  refraction  is  always  }  of  the  sine 
of  the  curiTsponding  angle  of  incidence. 


A           r/        \^' 

F          i 

Lu 
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riG.  259. 
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In  their  passage  from  the  air  to  glas»,  raya  of  H^ht  undergo 
a  more  decided  deviation ;  for  in  this  case  the  uinc  of  the  angle 
of  refraction  is  about  )  of  the  sine  of  the  angle  of  inci- 
dence. 

The  relation  in  which  the  sine  of  the  angle  of  refraction  standa 
to  the  sine  of  the  angle  of  incidence  is  for  every  substance  different; 
this  relation  is  desifrnated  by  the  term  of  the  index,  or  exponent 
of  refraction.     The  value  of  the  index  of  refraction  is  for  : 

Water        .         .         ,     j 

Glasa  '         ■     i 

Diamond  .  .  •  i< 
In  the  tmnBition  of  light  from  the  air  to  the  diamond,  the 
aine  of  the  angle  of  incidence  is  consequently  2\  times  greater 
than  the  sine  of  the  angle  of  refraction ;  in  the  diamond,  therefore, 
the  rays  of  light  suffer  a  very  considerable  deviation.  The 
diamond  is  a  highly  refracting  substance. 

Refraction  of  light  in  prisma. — A  priam  is  a  terra  appUcd  in 
optics  to  a  transparent  medium,  bounded  by  two  surfaces  inclining 
towards  each  other. 

The  edge  of  the  prism  is  the  line  in  which  the  two  bounding 
surfaces  intersect,  or  would  intersect  each  other,  if  they  were 
sufficiently  extended. 

The  base  of  a  prism  is  any  one  of  the  surfaces  opposite  to  one 
of  the  refracting  edges,  whether  it  actually  exist  or  is  only 
imaginary. 

The  refracting  angle  is  the  angle  made  by  the  two  surfaces  of 
the  prism. 

TA«  principal  section  is  the  section  of  the  prism  by  a  plane  ut 
right  angles  to  one  of  its  edges. 

ric.  260.  The  prisms  generally  made  use  of,  are  such 

as  arc  bounded  by  rectangular  surfaces  a  b 
a*  b\  h  c  b*  c',  and  c  a  c^  a.  If  light  pass 
through  the  surfaces  a  b*  and  a  e',  a  a*  is 
the  refracting  edge,  and  the  surface  b  c' 
the  base  ;  &  A'  is  the  refracting  edge  if  the  ray  of  light  pass  the 
surface  b  a'  and  b  c'. 

Tlie  principal  section  of  such  a  prism  is  a  triangle,  and  according 
u  this  latter  is  rectangular,  isoeeles  or  equilateral,  the  prism  is 
rectangular,  iaocelcs,  or  equilateral. 


no.  262. 


BEFBACTION    OP    MOHT    IN    rRISMS. 

The  prisms  arc  usually  fastened  to  a  brass  stant 
(Fig.  261). 

By  pushing  the  rod  /  up  or  down  the  tube 
in  which  it  is  inacrtcdj  the  prism  may  be  raised 
or  lowered,  and  by  means  of  the  joint  at  g  it  may 
be  inclined  in  any  direction. 

If  we  h»hl  a  prisiu  in  such  a  manner  that  the 
refracliug  edge  is  directed  upwards,  wc  ob»crve 
on  lookiuj^  through  it  two  remarkable  phenomena: 
in  the  firel  plaee,  all  nbjecta  appear  to  be  consider- 
ably displaced  from  tlie  position  they  actually  occupy, 
and  80  much  raised  that  the  eye  at  o  (Fig.  202) 
sccfi  the  object  a  through  the  prism  at  a* ;  and 
secondly,  they  appear  to  have 
coloured  edges.  If  the  refract- 
ing edge  were  directed  down- 
wards, all  objects  seen  through 
the  prism  would  seem  to  be 
removed  downwards  out  of  their 
right  place.  A  vertical  prism 
displaces  objects  to  the  right 
or  lefl  according  to  the  aide  to  which  the  refracting  edge  is 
turned. 

By  altering  the  experiments  in  this  manner,  wc  shall  easily 
be  convinced  that  all  objects  Bccn  through  the  priam  appear 
removed  towards  the  direction  of  the  refracting  edge. 

If  a  ray  nf  sun-light  enter  a  duik  rcwmi  through  a  small  opening 
in  the  direction  r  d,  and  be  roccivt'd  upun  a  prism,  we  shall  observe 
a  deviation  and  a  colouring.  If  the  prism  is  in  an  horizontal 
position,   and    its  refracting  edge  turned  upward,  instead  of  the 

white  round  image  of  the  sun, 
which  would  appear  without  the 
prism  at  rf,  we  [K-rceive  an  oval 
image  coloured  with  the  hues  of  the 
rainbow,  the  sohr  ftpecfrvm,  at  r.  If 
the  refracting  margin  were  directed 
downwards,  the  prismatic  solar  image 
would  appear  above  d.  By  a  vertical 
prism,  the  sun's  image  would  deviate 


riti,  2r.:\. 


to  the  right  or  left  according  to  the  position  of  the  former. 
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Thp«c  phenomena  of  colour  will  be  subsoqucntlv  considered,  wc 
shall  at  prcflent  only  Bpeak  of  the  delation. 

The  abovc-mcntioued  phenomena  admit  of  easy  explanation. 
Let  fl  «  (Fig.  264)  be  the  first,  and  <t  s  the 
second  surface  of  a  glasa  prism ;  /  i  the 
incident,  j  i'  the  refracted,  and  i'  e  the 
emergent  ray.  On  its  passage  from  the 
Hir  into  the  glass,  the  incident  ray  is  re- 
fracted and  brought  nearer  to  the  perpen- 
dicular at  the  point  of  incidence  in;  having 
reached  the  second  surfaces,  it  is  again  refracted,  but  removed 
further  from  the  perpendicular  t'  n'  on  its  transition  into  the  air. 

A  prism  Mill,  other  circumstances  being  the  same,  cause  rays 
of  light  to  deviate  in  proportion  to  the  magnitude  of  the  refracting 
angle.  If  this  angle  be  60*,  the  deviation  will  be  more  conai- 
dcrable  than  with  one  of  only  45''. 

A  prism  consisting  of  a  strongly  refracting  substance  causes 
the  rays  of  light  to  deviate  more  considerably  tlian  a  tike- 
shaped  prism  of  a  leas  powerfully  refracting  substance.  In  a 
prism  of  water,  the  deviation  is  less  considerable  than  in  one  of 
glass. 

In  the  same  prism  the  amount  of  deviation  varies  according 
to  the  direction  in  which  the  rays  of  light  are  incident  upon  the 
first  surface. 

On  looking  at  an  object  through  a  prism,  we  see  how  the  image 
removes  further  from  the  position  of  the  object,  ami  then  again 
draws  nearer  to  it  as  wc  turn  the  prism  on  its  axis.  The  smallest 
deviation  occurs  in  the  case  where  the  rays  traverse  the  prism 
symmetrically,  as  seen  in  Fig.  264.  If  the  direction  of  the  incident 
ray  were  changed  to  one  side  or  the  other,  the  deviation  would 
increase. 

In  order  to  make  prisms  of  Uquids,  hollow  piums  are  used, 
having  their  lateral  sides  formed  of  glass-platC9. 

liefraction  of  light  by  Utues. — The  term  lau  is  applied  to 
transparent  bodies  possessing  the  property  of  increasing  or 
diminishing  the  convcrgcncy  of  the  raya  that  pass  through  them. 

We  shall  here  only  treat  of  gpherical  lensest  that  is,  such  as  have 
their  bounding  surfaces  composed  merely  of  portions  of  spberiral 
surfaces  and  planes,  since  these  alone  arc  applied  to  optical 
instruments.  There  arc  also  eilij}tieal,  paraboUc,  eytindrical,  and 
other  lenses,  exhibiting  phenomena  similar  to  the  spherical. 
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There  are  «ix  different  kinds  of  lenses,  sections  of  whieb  are 

reproMcnted  at    Fig.    265.     a    is    a  bi- 

cunvcx  lens,  the  one  that  iB  bounded  by 

^A         ji  J      two  externally  convex  spberieal  surfaces. 

^B       Si         '&        '^'^  plane-convex  lens  b  is  bounded  by 

H|       M         n  one  plane  and  one  convex  surface. 

^H       H        M  '^^    concave-convex   lenses,   bounded 

^V       H         11  by  one  convex  and  one  concave  surface,  as 

▼  ^  \        c  and  /,  arc  also  termed  Meniscus  lenses  ; 

they  are  divided  into  two  kinds,  according 

mas  the  degree  of  curvature  of  the  concave 
surface  is  the  lesser  of  the  two  as  at  r, 
or  the  greater  as  at  /.  d  represents  a 
bi'Concave  lens,  e  one  that  ia  plimo- 
concave. 

The  three  former,  o,  b,  and  c,  are 
thicker  at  the  centre  than  at  the  edges,  and  are  termed  convergent 
lenses.  The  three  latter,  rf,  f  and  /,  which  are  thinner  in  the 
middle  than  at  the  edges  are  termed  divergent  lenses. 

The  axis  of  a  lens  ia  the  straight  line  uniting  the  centre  of 
both  the  spherical  surfaces,  by  which  the  lens  ia  formed.  In 
plano-concave  and  plano-convex  lenses,  the  axis  is  the  perpendi- 
cular passing  from  the  centre  of  curvature  to  the  plane. 

In  order  to  develope  the  most  important  propositions  concerning 
the  refraction  of  light  by  lenses,  we  must  once  more  return 
to  prisms,  and  consider  more  attentively  the  case  where  the 
refracting  angle  of  the  prism  is  very  small. 

In    a  prism   of  small    refracting  angle,    as    in   Fig.    266,   the 
Fir..  26(1.  de^-iations  may,  without    any  serious   error, 

be  considered  projiort  ional  to  the  refract- 
ing angle.  A  prism  whose  refracting  anj?lc 
is  twice  as  great  as  that  in  Fig.  26G, 
would  prwluee  twice  as  much  deviation  ; 
and  if  the  angle  were  only  half  the  size  of 
the  one  m  Fig.  266,  the  deviation  wonld  only  be  half  as 
great. 

In  Fig.  267  abed  is  an  elongated  rhomb,  to  which  is  joined 
above  a  parallel  trapcrsiura  a  b  g  f  and  below,  a  like  figure ;  the 
triangle  f  g  k  is  therefore  found  above,  and  one  precisely  like  it 
below.  Tlie  two  sides  of  the  parallel  trapezium,  which  arc  not 
parallel  to  each  other,  fonn,  when  prolonged,  the  Lsoacelea  triangle 
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with  an  angle  at  tlic  apex, 
\v  li  ic h  must  be  half  as 
liu'ji;^  fLs  thtr  angle  at  the 
apex  (if  the  upper  triangle 
at  A. 

If  we  suppose  the  whole 
tigure  turned  round  the 
axis  M  JV,  there  will  arise  a  lens-like  body,  conipoaed  of  many 
suuea.     The  middle  of  this  will  be  a  plane  disc. 

If  now  ruys  uf  light  eoniing  from  une  ]K)int  of  the  axis  3/  N 
mL*et  this  £oue-aystem,  we  may  determine  the  deviation  suffered 
by  the  ruys  of  light  in  each  of  these  zones,  aeeording  to  the  laws  uf 
the  refractiuu  of  light  in  prisms. 

Let  the  point  S  lie  so  that  a  ray  of  light  coming  from  it,  and 
meeting  the  surface  a  g  in  t,  may  experience  the  minimum  of 
dcviatiuu  in  its  passage  through  o  b  g  f,  then  the  emergent  ray 
will  be  symmetrical  with  the  incident  ray,  intersecting  the  axis 
at  a  point  R^  as  far  frum  the  lens  ai  S. 

A  ray  of  light  undergoing  the  minimum  of  deviation  in  the 
triaugle  h/g^  is  turned  twice  as  far  from  its  original  direction 
as  in  fg  a  d,  because  the  refracting  angle  of  the  upjKir  prism 
is  twice  as  large  as  that  of  the  lower  one.  Such  a  ray  of  light^ 
suffering  the  minimum  of  dcWation  in  the  upper  triangle,  passes 
through  the  latter  in  the  direction  I  m,  which  is  parallel  to 
the  axis  M  N ;  the  incident  ray  as  well  as  the  emergent  one  will, 
however,  necessarily  make  tuicc  as  large  an  angle  as  the  incident 
and  emergent  rays  corresponding  to  the  minimum  of  deviation 
in  abfg;  if,  therefore,  a  ray  So  pass  from  S,  making  tw.icc 
as  hu-ge  an  angle  with  M  N  nt  S  i,  it  will  be  at  the  minimum 
of  deviation  in  fg  h,  and,  going  symmetrically  from  the  other 
side,  will  be  refracted  towanls  R.  The  ray  SlmR passes  through 
the  lens  at  twice  the  disttnicc  from  the  axis  as  the  ray  S  i  k  R, 
which  undergoes  only  half  as  great  a  degree  of  deviation. 

If  wc  suppose  the  broken  lines  dbfh  and  c  a g  h  o(  the 
former  figures  to  be  replaced  by  circular  arcs,  whose  centres 
lie  upon  the  axis  Af  N,  we  shall  have  a  regular  lens,  Fig.  267, 
instead  of  the  lens-like  body  we  have  been  considering,  and  a  ray 
of  light  falling  \i\Hn\  the  lens  at  any  s|K)t,  as  at  fi,  will  Imj  refracted 
exactly  as  if  it  hiul  fidlen  u|Hm  a  prism,  whtwe  diagonal  section 
wc  obtain  by  drawing  tangents  to  the  circular  arcs  nt  a  snd  the 
points  (ip}>oaitc.  r 
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If  we  were  to  draw  ^j 
tangents  on  both  sides  ^M 
from    a    second    point  ^n 
b,    twice    as    far    from 
the  axis  as  a  is,  these       ' 
tangents    would   inter- 
stct    cHcii    Dther  at   an 
an^le     twice    as    large    as    the    angle    at    which    tht!     tangents 
drawn  from  a  intersect  e-ach  other.      If  now  a  ray  of  light  pass 
through  the  lens  a  |)arallel  to  the  axis,  it  will  make  equal  angles 
with  the  axis  on  its  entrance,  and  after  its  leaving  the  lens,  inter- 
secting the  axis  at  the  points  S  and  R,  which  arc  equidistant  ou 
either  side  from  the  lens.     If  now  a  second  ray  of  Hght  pass  froui 
S,  meeting  the  lens  at  A,  it  will  experience  twice  as  gi-eat  a  devia- 
tion as  at  a,  and  on  that  account  will  likewise  be  refmcled  towards 
R.     A  ray  of  light  passing  from  iS^,   and  falling  upon  the  lens  at 
c,  which   is  three  times  as  far  from  the  axis  as  a,  will  experience 
three  times  the  amount  of  deviation  tbat  the  rays  incident  at   a 
undergo,    and   which  are   therefore    refracted  towards   the   same 
point  R. 

Wliat  has  been  said  of  ff,  b  and  c  applies  equally  to  the  inter- 
vening points ;  in  such  a  lens  as  is  represented  at  Fig.  268,  there 
is  a  point  Supon  the  axis,  having  the  projK>rty  that  uU  rays  coming 
from  it  and  meeting  the  lens  arc  concentrated  by  thr  latter  in  one 
and  the  Hamc  point  R,  which  lies  as  far  from  the  lens  on  the  other 
side  as  S. 

These  statements  apply,  however,  only  where  the  curvature  of 
the  lens  from  the  centre  towards  the  edges  is  inconaidcrablr.,  for 
in  that  case  only  is  the  inclination  of  the  tangents  proportionate 
to  the  distance  of  these  points  of  contact  from  the  axis.  In  the 
leiiM's  of  which  we  are  now  niMiiit  to  speak,  the  curvature  from  the 
niiihlle  towards  the  edges  is  iiiconsLderablc, 

As  long  as  the  angle  at  which  the  incident  ray  fall  upon  a  prism 
of  small  refracting  angle  does  not  deviate  much  from  a  right 
angle  ;  as  long,  therefore,  as  the  rays  meet  the  prisms  nearly  in 
the  direction  corresponding  to  the  minimum  of  deviation,  the 
deviation  produced  by  the  prism  will  not  differ  materially  &om  the 
nuuimum  degree. 

This  likewise  applies  to  lenses.  If  the  lensj  Fig.  268,  meet 
a  ray  of  ligbt  at  Cj  the  dii*ecl9ou  of  which  does  not  deviate  to 
any  great  extent  from  the  diicetiuii  .&'  c,  the  deviation  experienced 
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by  refraction  in  the  lens  will  be  the  same  aa  that  experienced  by 
the  ray  S  c. 

Id  Pig.  269,  let  S  be  that  point  of  the  axia  M  N,  whose  rays, 
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iii<>etiii^  the  lens,  travi-rsc  it  syiiiinetricitlly  and  are  united  on  the 
other  side  in  a  |>oint  R  as  far  distant  from  the  lens  as  S.  The 
ray  8  e  whicli  foils  npon  the  lens  near  its  margin  is  refracted  in  the 
dir^Ttion  c  R,  the  incident  and  the  refracting  ray  making  the 
angle  S  e  R. 

If  now  a  my  of  light  coming  from  T  instead  of  S  fall  upon  the 
lens  at  a,  the  ray  Tc  would,  from  what  has  been  said^  experience  as 
great  a  deviation  as  <S  c;  we  should  therefore  ascertain  the  direc- 
tion of  the  ray  after  its  leading  the  lens,  by  drawing  the  line 
c  7^  in  such  a  manner  that  the  angle  T  c  T*  should  be  equal 
to  the  angle  S  c  R,  or  in  other  words,  we  must  make  with  c  R 
an  angle  R  e  T  which  shall  be  equal  to  the  angle  formed  by  7^  c 
and  5  c. 

But  the  ray  r  rf  proceeding  from  T  is  refracted  after  leaving 
that  point  of  the  axis,  and  falls  upon  the  lower  border  of  the  lens : 
in  fact  all  rays  coming  from  T  falling  upon  the  lens  meet  at  7^, 
for  in  the  aame  proportion  in  which  the  incident  raya  approach 
the  axis,  they  deviate  less,  and  hence  unite  together  in  V ; 
so  long,  nt  any  rate,  as  the  angle  which  the  external  incident 
rays  make  with  the  axis  does  not  exceed  certain  bounds;  (that 
is  to  say,  does  not  become  so  large  that  wc  can  no  longer 
without  marked  error  consider  the  angles  propijrtioiial  to  their 
tangents.) 

If,  therefore,  the  luminous  point  approach  the  lens  from  S, 
the  point  of  union  of  the  rays  will  recede  further  from  the  lens 
to  the  other  side ;  the  more  T  approaches,  the  further  V  will 
recede ;  the  latter  recedes  much  more  rapidly,  however,  than  the 
former  approaches. 

Let  us  now  examine  how  raya  coming  from  a  point  F  of  the 
axis  arc  refracted  by  the  lens,  Fig.  270.  /^  being  so  situated  that 
Fe  =  F  S.     lu  this  case,  the  angle  o  =  y  =  *.     But  now  the 
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ray  F  c  ia  so  refracU.'d 
by  the  lensj  thnt  the 
atigli'  -r  made  by  the 
cmeigpnt  ray  with  c  R 
ia  equal  to  y;  conse- 
quently X  =r  r,  and 
hence  it  follows  thut  the  ray  Fc  is  so  refracted  by  the  lens,  that 
it  runs  parullel  tu  the  axis. 

The  Buue  apphea  to  all  the  <ttlu>r  raya  coming  from  7^,  and 
fulling  upun  the  leuu.  Tliey  come  out  an  a  pencil  of  rays  parallel 
with  the  oxijj. 

If,  as  can  be  done  iu  must  cases,  we  disregard  the  thicknesa  of 
the  lens  with  respect  to  the  distances  of  the  jioints  S  and  F  from 
it,  we  may  say,  that  the  point  F  lies  in  the  centre  between  S  aud 
Iho  lens. 

Tf,  therefore,  a  luminous  point  fixim  S  beyond  the  lens  be 
brought  nearer  to  ttie  lutttT,  the  |H)iiit  of  union  on  the  other  side 
of  the  lens  wUl  recede,  and  if  the  luiiiinotiM  point  advance  to  F, 
the  point  of  union  will  be  indelinitcly  distant;  the  rays  emerge 
partillel  with  tlie  axis. 

IJut  if,  conversely,  rays  fall  upon  the  lens  from  a  point  lying 
at  an  indefinite  distance  upon  the  axis,  or  in  other  words,  if 
a  pencil  of  rays  parallel  with  the  axis  falls  upon  the  lens,  they  arc 
united  by  the  lens  at  F.  This  point  of  union  F  of  incident  raya 
parallel  with  the  axis  is  named  the  principai  focal  point. 

If  the  luminous  point  approach  towards  the  lens  from  this 
indefinite  distance,  the  point  of  union  will  recede  on  the  other 
side  of  the  lens ;  if  the  luminous  point  be  ut  7*,  Fig.  269,  the 
|ioint  of  union  wdl  be  at  7',  if  the  luminous  point  approach  as  near 
as  /?,  the  point  of  union  will  be  at  K,  if  it  approach  so  near  to  the 
I-ns  as  to  stand  midway  between  it  and  R ;  that  is  to  say,  if  it 
approach  to  the  focal  distance,  the  rays  wdl  be  parallel  with  the 
axis  after  their  {rassage  through  the  lens. 

Tlic  Focal  distance,  that  is  the  distance  of  the  focal  point  F  from 
the  Icus,  depends  not  only  on  the  form  of  the  latter,  but  also  on  the 
index  of  the  refraction  of  the  substance  of  which  it  is  composed. 

In  a  biconvex  gloss  lens,  whose  surfaces  have  both  an  equal 
radius,  the  focal  points  coincide  on  both  sides  with  the  central 
pmnts  of  the  spherical  segments,  pruvided  the  index  of  refraction 
of  the  gla*H  Ik*  exactly  J. 

If  this  nulex  of  refraction  be  greater,  the  focal  point  of  the  lens 
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irill  be  nearer,  hut  if  it  be  sniaUer,  it  w\\\  be  further  removed  from 
it. 

What  has  been  said  of  bieonvcx  lenses  applies  a1»o  to  convex 
inenisciiH  and  ptano-eonvex  glasses ;  that  iii,  they  have  a  prineipal 
foral  |)oiut  in  whieli  arc  concentrated  all  the  incident  rays  parallel 
with  the  axis ;  the  raya  coming  from  one  of  the  ]Kjint8  lying  upon 
the  axis,  and  removed  from  the  glnxsabnut  twice  the  focal  distance, 
arc  united  ou  the  other  side*  at  a  point  likewise  twice  the  length  of 
the  focal  distance  from  the  glass. 

In  a  plano-convex  lens  whos4*  index  of  refraction  is  ^,  the 
focal  point  is  twice  the  radius  of  the  curved  surfuce  from  the 
lens. 

If  the  luminouH  |M>int  /,,  Fig.  271,  approach  no  near  the  lens 
as  ti>  he  within  the  fncal  diKtance,  the  coni'  i»f  rays  striking  thi- 
Iciu  is  so  strongly  divergent  that  the  lens  is  no  longer  able  to  make 
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the  rays  com trgc,  or  evoii  merge  parallel;  they  diverge,  however, 
lesH  after  than  before  their  passage  through  the  lens,  dispersing  as 
much  as  if  they  came  from  a  point  O,  which  is  further  removed 
from  the  glass  than  the  luminous  [mint. 

Similar  observations  may  be  made  respecting  concaiv  glasses.  If 
the  incidi'iit  rays  Im!  puralk-l,  the  rays  will  diverpr  in  such  a  nmnner  as 
if  they  issued  from  the /oca/  point  of  divergence  F,  >'ig.  272;  if, 
however,  the  luminous  point  draw  nearer^  and  the  uicidcnt  rays  are 
rtr..  IT*.  consw|Upntly  divprgent, 
this  divergence  is  great- 
er after  their  pftssagc 
through  the  glass  than 
was  the  cas4>  with  the 
parallel  incident  rays ; 
the  nearer  the  luminous 
point  is  to  the  lens,  the 
nearer  the  point  of  divergence,  or  focns,  therefore  approaches  to  the 
gloss. 

We  have  still  to  consider  the  case  in  which  the  incident  rays 
arc  converg&ttt.  If  the  incident  rays  converge  towards  tlie  forus 
Fan  the  other  side  of  the  glass,  the  refracted  roys  emerging  from 
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the  lcii»  ai'c  orca-sionally  parallt-l  to  rach  otlur,  thifl  being  the 
converse  of  what  in  represented  in  Fig.  272.  If  the  incident  rays 
converge  more  strongly,  they  will  stil!  converge  after  iMung 
refracted,  but  if  the  incident  rays  converge  towards  a  point  /, 
Fig.  273,  lying  at  a  greater  difitance  from  the  glass  than  the  chief 
foral  point,  they  will  still  diverge  a»  if  they  came  from  a  point 
before  the  glasa  oa  «cen  iii  the  Hgurc.     The  considemtioa  of  this 
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last  case  is  iniportant  In  tiiu  right  understanding  of  Galileo's  telc-s- 
cope,  of  wliich  we  purpose  shortly  to  speak. 

Seeondari/  axes.  —  Hitherto  we  have  only  conaidered  those 
lunitnous  points  that  lie  on  the  axis  of  the  lens ;  it  now  remains 
lo  fshow  that  what  lias  been  said  applies  also  to  points  not  lying 
in  the  main  axis,  pnividrd  that  the  secondary  axes  make  only  a 
small  angk!  with  the  main  axis.  By  the  term  scctmdury  fixitt,  wc 
designate  the  line  we  may  imagine  to  be  drawn  from  n  pi»int,  not 
lying  on  the  main  axis,  throngh  the  middle  of  the  lens. 

Let  //,  Fig.  274,  be  a  luminous  point  not  sitnatud  ujion  the 
main  axis ;  then  all  the  rays  of  light  issuuig  from  it  will  be  united 
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iQ  B  point  H't  lying  in  the  secondary  axis  M  N ,  and  as  far  removed 
from  the  lens  as  the  point  of  union  7*  of  the  raj's  issuing  from  a 
point  T,  which  lies  upon  the  maiu-nxis  and  is  as  far  removed  from 
the  lens  aa  H. 

This  is  easily  proved.  The  central  ray  //  M  passes  unhmkcn 
through  the  lens  ;  further  M c=  Tc  and  the  angle  c  TM=c  H M* 
(if  not  exactly,  still  very  nearly  so) ;  and  since  the  ray  T  c  diverges 
as  strongly  at  r  as  // c,  therefore  the  angle  He  H'^T c  V \  con- 
sequently the  triangle  He  //=to  the  triangle  Tc  7^,  and  thus 
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TT-=iH  H'  \    H'  is   therefore   as    far  removed   from   the   len« 

T]io  Httiiic  ruault  U  obtained  by  a  compariaon  of  the  triangles 
TdT  nml  H  d  H\ 

Tfie  field  of  a  lens  is  the  angle  which  two  of  the  secondary  axea 
itiakc  together ;  this  definition  wiJl  not  materially  affect  the 
rorrectnpsa  of  nur  prnofB. 

Of  thfi  images  ^troduceH  by  ienses. — Let  A  Bj  Pig.  275,  In-  an 
object  on  one  side  of  the  lens  V  /f,  but  further  removed  from  it 
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thiin  the  focal  point  F.  The  ray8  emitted  from  A  arc  nnitrd  at  a 
ptHnt  a  upon  the  (n'condary  axcA  ilinwii  from  A  ihi-oa^h  the 
middk-  O  of  the  tens ;  a  is  therefore  tho  iuiugc  uf  A,  and  h  is  the 
miage  of  B^  eonAcquently  a  b  in  also  the  image  of  the  object  A  B  \ 
the  image  is  in  this  ease  inivrled,  and  is  a  tnir  cimvcrgcnt  iinii^r. 

Seen  from  the  middle  of  the  lens,  tht*  image  and  object 
appear  at  the  same  angle,  for  the  angle  b  o  a  h  equal  to  the 
angle  B  o  A,  being  angles  at  the  vertex ;  the  greater  size  of  the 
inntge  or  of  the  object  depends  upon  which  of  the  two  is  furthest 
removed  from  the  glass,  [f  we  assume  that  the  object  lie  twice 
as  fur  as  the  focal  dintann'  from  the  glass,  the  iinn^e  will  be 
formed  on  the  other  side  at  an  equal  distance;  in  this  case,  tliere- 
fiirc,  the  image  and  the  obj(Tt  arc  equal  in  sisc.  If  the  object 
approach  nearer  to  the  glass^  the  imajje  will  recede,  becoming 
conacquently  larfj^cr.  We  therefore  obtain  iin tried  (mliiritrd 
images  of  objects  standing  further  fn>m  the  glass  thun  the  fiMid 
distance,  yet  not  as  far  as  twice  that  distance ;  thus  the  imagi*  a  b 
in  our  figure  is  larger  than  the  object  A  B. 

If  the  object  be  further  removed  from  the  glass  than  twice  the 
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focal  disUncA,  tlie  iiimL^  will  be  nearer ;  wt\  therefore,  oblnin 
inverted  diininished  iiiiaf^cs  of  dislaiil  (ybjccts.  If,  for  inslanoc, 
a  b.  Fig.  275,  were  an  object  lyliif^  more  than  twiee  the  fi>cal 
distance  from  the  glaaa,  we  should  have  the  diminished  image 
A  B. 

If  we  term  the  size  of  the  object  ff,  that  of  the  ima^e^',  the 
diatancc  of  the  object  from  tlic  glass  h,  and  tlie  distance  of  the 
image  m,  we  have 

S  -.g'  =  b  :  m, 
that  ia,  the  iuLH*i;e  and  object  arc  to  one  another  uk  tticir  distances 
from  the  lena. 

In  n  lens  of  short  focal  distance,  the  imaf^c^  lie  nearer  to  the 
gla»8  than  in  one  of  greater  focal  diutance ;  lenses  give*  images, 
therefore,  small  in  proportion  to  the  sfaortncsu  of  the  focal  distance; 
and,  conversely,  lenses  give  enlarged  images  of  small  objects  lying 
near  their  focal  point ;  at  an  equal  distance  from  the  lens,  the 
images  will  be  larger  in  such  lenses  as  have  a  small  focal  distance, 
l>ecansc  in  that  case  the  object  appn>achc.'i  nearer  to  the  lens. 

If  the   object   be   within    the   focal   distance   of  the   Icus,    no 
convergent  image  of  A  can  be  formed,   because  the  rays  emitted, 
from  a  luminons  point,   which  he»  nearer  to  the  pUss  than  doca 
the  focus,   still  divurgc  after  their  pas.^ni;e  thnuiph   it.     Let   A  li 
in  Fig.  270,   be  an  object  lying  within  this  focal  distance ;  then 

riti.  270. 


the  rays  paasing  from  A  will  diverge  after  emerging  from  the  glass 
as  if  they  came  from  a.  We  may  easdy  find  the  distance  of  the 
point  a  from  the  glass  by  the  construrtiona  already  given.  The 
rays  coming  from  li  diverge  after  their  passage  through  the  glaaa 
as  if  they  came  from  It;  if  now  there  be  an  eye  at  the  other  side 
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of  the  t^loss  it  wiU  rcctivc  the  rays  of  light  issuing  from  the  object 
A  B  la  the  same  manner  ah  if  they  had  prucccdcd  from  a  b;  a  b 
is  therefore  the  image  o(  A  B.  A»  the  object  and  image  both  lie 
within  the  name  angle  a  o  b,  but  the  former  is  nearer  to  the  glaas, 
the  image  is  evidently  in  this  ease  larger  than  the  object.  If  we 
lue  a  lena  aa  a  microscoiie  to  observe  small  nhjectii,  the  enlarged 
image  seen,  is  of  the  kind  deacribed.  We  shall  8ubRc<|uentIy  revert 
to  this  subject. 

Concave  glasses  do  not  give  convergent  images,  but  oidy  such  as 

arise  from  couvex  lenses  when  the 
object  lies  within  the  focal  distance. 
As  a  concave  lens  causes  the  rays 
emitted  from  a  |)oint  to  diverge  as 
ir  llu-y  eiiine  from  a  jMtnt  lying 
nearer  to  the  glmw,  it  is  evident 
that  concave  glasses  yield  dimi- 
nished ima^rcM  oi  Kjpit,,  as  wc  may  easily  see  from  Fig.  277, 
where  A  B  i»  the  object,  and  p  q  the  image. 


Fir..  277. 


CHAPTER  in. 


DECOMPOSITION    OP    WHITE    UODT. 

IVkite  ioiar  iigfU   is  camposcd  of  different  coloured  rays. — To 

prove  thiSf  wc  need   only  form  a  solar  s|»ectnim  in  the  nmimcr 

already  indicated.     In   Fig.  278  let  m  he  a  mirror,  which  placed 

no.  278.  no.  279.    before  the  shutter  of  a 

darkened  room  throwH 
the  rays  of  the  sun  into 
it  through  the  opening 
o;  p  \B  the  refracting 
prism^  and  /  a  wall  on 
ffliicli  the  images  are 
(brown.  Before  apply- 
ing the  prism,  we  sec 
a  white,  round  image  at  //,  but  through  the  prism  wc  obtain 
an  elongated  eolnured  iinn^e  r  h.  Fig.  279  exhibits  tlie  ap|)Car- 
ance  observed  upon  the  witll  /. 
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If  we  receive  a  s]W'Ctruin  upon  a  wnll,  nn(\  make  a  holr  aomc- 

wlnrr  nlmnt  the  s]K»t  on 
which  the  violet  riiys  fall,  wc 
sliiill  arrofit  ftll  the  cotouift, 
while  only  one  coloured  ray 
piisacs  tlirou^h  the  o|K:niiig; 
ihiH  ray  docs  uot  aduiit  of 
licing  ill  any  way  fiirther 
iU'cdmiMwi'd  ;  and  if  it  be 
again  sutfurcd  to  pass  through 
a  prism^  the  colour  remains  unrliAng:ed. 

Newton  applied  the  term  homogeneous  to  simple  light ;  a  Q&ruc 
that  has  been  generally  adopted. 

Hhile  light  nmxj  be  recmnponeti  from  (he  simple  colours  of  Me 
spectrum. — If  we  reeeive  the  Mpeetrmn  on  a  lens  /,  the  variously 
coloured  rays  will  1k'  united  by  it  in  a  ptnisit  /,  and  if  the  sun's 
image  be  received  upon  a  (ground -^la^^B,  or  a  paper  screen,  it 
will  again  appear  dazzliiiKly  white,  notwillmtandinf;  the  diffenMitly 
coloured  rays  that  fell  upon  the  leim.  If  instead  of  holding 
the  screen  at  the  focal  point  /,  we  remove  it  further  fi-oin  the 
Icua,  wc  again  obtain  an  inverted  Rpectnini  r^  u',  Fif>.  283,  a  proof 
riG.  2S2.  that     the      differently 

coloured  rays  cross 
each  other  at  /,  and 
if  we  apply  a  mirror 
at  that  point,  the  rc- 
lleeted  ray8  will  again 
iVvnn  a  spectrum  «" 
r". 

We  may  also  use  a 
concave  mirror  instead  of  a  lens  for  these  experiments. 

That  the  comhination  of  prismatic  colours  yields  white,  is  proved 
by  the  extraordinary  experiments  made  by  Newton,  that  the  lonp 
prismatic  ima^c,  seen  through  a  second  pri>4m,  will  under  favourable 
circumstances  ajiraiu  ap]iear  as  a  perfectly  white  and  round  disc. 
Let  V  w  he  a  spectrum,  Fi;;.  283,  prodiieetl  by  the  prism,  and 
caught  on  a  white  wall.  If  now  a  second  prism  ij  be  so 
placed  that  it  would  prtMluce  the  !>ante  spectrum  r  r;  in  the 
same  |)lace,  if  a  ray  of  Holar  li^ht  fell  upon  it  in  the  directiun 
o  n,  it  is  dear  that  the  rays  falling  from  the  8|)ectrum  on  tbe 
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jirisrn   B  will  emcrfrc  in  the  din-ction  n  o  ;  thus  an  eye  at  o  muat 
sec  a  rrmnd  white  image  of  the  coloured  8|>ectnim  in  the  direction 

V  n  g.  The  |K)aitioii 
tliat  must  be  given 
to  the  prism  B  may 
easily  Ix^  ascertained 
I»y  exiMriniciit. 

If  now  we  divide 
n  circular  disc  into 
yt'veii  Btretors,  and 
|mint  tliem  with 
colours  that  moat 
iicjtrly  approach  the 
prismatic  hues,  the 
disc  if  made  to 
rotate  ntpidly  will  no  lonpt-r  appear  to  Ix*  coloured,  but  will 
look  whitish,  and  it  would  appear  wholly  white,  if  the  acctions 
could  be  painted  with  purely  prismatic  colours,  and  if  the 
breadth  of  the  separate  coloured  sectors  stood  exactly  in  the  aame 
relation  to  each  other  as  the  breadths  of  the  corresponding  parts 
of  the  s]M)etrum.  Miinchow  combined  the  prism  with  clock>work, 
in  order  to  be  able  to  make  experiments  with  ])ure  prismatic 
eoloura  on  this  principle,  by  netting;  the  prism  into  rapid  oacil- 
latin;;  motion.  By  this  motion  of  the  priKUi,  the  spectrum  moves 
rapidly  backward  and  forward  on  a  screen,  and  then  there 
npjxtars  instead  of  the  coloured  spcetnun  a  white  band  of  light 
slijrhtly  e<>loured  at  the  ends.  The  eye  rapidly  receives  at  each  of 
the-  points  of  the  screen  thv  imprussioiitt  of  all  the  separate  colours 
sucecaaively ;  these  separate  imprcssiuus  vauiah,  however,  and 
produce  the  sensation  of  white. 

Of  the  complctneniary  coloun,  and  the  natural  coloun  of  bodiet. — 
As  all  simple  colours  combined  in  proper  projM>rtiuns,  (that  is,  in  the 
proportion  jcpven  by  the  spectrum,)  produce  white  light,  it  is  sullieient 
to  suppress  one  or  mure  of  the  simple  colours,  or  even  simjdy  to 
alter  tbcir  proportion  to  form  any  shade  of  colour  from  white.  If,  for 
instance,  we  suppress  the  red  of  the  s|xMrtrum  in  white  light,  while 
all  the  colours  remain  unaltered,  wc  shall  have  a  bluish  tint,  to 
which  wc  need  only  atld  red,  in  order  to  restore  the  while. 
Two  tints  of  colour  fnlHlliug  these  conditions,  that  is,  giving 
when  combined,  white,  arc  termed  compfemmfary  colours.  Kach 
colour  has  its  couiplemcnlary  colour,  for  if  it  be  not  white,  it  is 
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deficient  in  certain  rays  that  would  aid  in  producing  the  white,  and 
these  absent  rays  com|X}8C  the  complementary  colour.  Violet, 
which  pasaes  more  or  less  into  red,  is  the  complementary  colour 
of  different  shades  of  green.  We  have  already  seen  that  a  solution 
of  sulphate  of  indigo  in  a  prism  yields  a  blue  and  red  image  of  a 
white  object.  The  red  image  is  very  sharply  defined,  the  blue  not 
so  much  aOj  passing  somewhat  more  into  violet,  and  less  into 
grCGD ;  the  light  transn^itted  through  a  solution  of  indigo  is 
therefore  wholly  di:ticient  in  yellow  and  araufce,  and  almost  so 
with  respect  to  all  the  green,  and  a  portion  of  the  violet.  Theae 
absent  colours  form,  however,  when  taken  together,  a  mixture 
in  which  yellow  ])redomiuates  to  a  cousidcruble  extent ;  yellow  is 
consequently  the  complementary  coh)ur  to  blue  in  the  indigo 
solution ;  as  yellow  shades  of  colour  are  complementary  to  blue. 
The  more  the  image  approaches  the  green,  the  more  will  the 
complementary  yellow  merge  bito  red. 

We  shall  subsequently  have  another  opportunity  of  speaking  of 
complementary  colours. 

The  prism  we  have  made  use  of  to  decom|)ose  solar  light  will 
also  serve  to  analyse  the  natural  colours  of  bodies ;  aud  for  this 
purpose,  we  need  only  cut  off  narrow  strips  from  coloured  bodies, 
and  look  at  them  through  the  prism. 

We  glue  a  row  of  coloured  strips  of  paper,  about  1  millimetre 
wide,  and  as  seen  at  Fig.  284-,  upon  a  piece  of  black  paper :  let  1 
no.  284.  be  white,  2  yellow,  3  orange,  4   scarlet,    5 

green,  and  6  blue;  the  beat  paper  for  the 
purpose  is  that  used  by  bookbinders  for  the 
titles  of  the  back  of  books,  as  the  colours  are 
generally  clear,  aud  well  defined.  If  now  we 
look  at  these  coloured  strips  from  the  di»- 
tnuce  of  several  feet,  through  a  prism  whose 
axis  is  parallel  with  the  direction  of  the  length 
of  the  strips,  they  will  naturally  appear  moved 
out  of  their  places ;  at  the  same  time,  how- 
ever, all  the  colours  nill  be  decompoaed  into 
their  elenieutary  colo^urs.  The  white  paper  will  give  a  perfect 
spectrum  with  all  coloiu^,  from  the  extreme  red  to  the  extreme 
violet.  The  coloured  image  given  by  the  yellow  paper  approachea 
moat  nearly  to  the  [lerfcct  spectrum.  Ked,  orangey  yellow  and 
green  arc  present ;  the  Inwcr  blue 
wanting ;   consequently  the  colour  of 


and    violet    end 
the   yellow  pn|H:r 
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only  blue  atul  violet  in  order  to  produce  white.  The  coloured 
im8j;e  of  the  piece  of  paper  No.  3  (orange)  is  much  less  complete; 
here  the  green  rays  are  wanting  aa  well  as  the  violet  and  blue. 
The  coloured  image  of  the  red  paper,  No.  4,  is  the  least  dispersed, 
showing  besides  red  only  a  little  orange,  the  red  of  this  paper  is 
therefore  almost  a  pure  prismatic  red.  In  the  colours  of  the 
paper  we  have  hitherto  considered,  red  was  contained  1  to  4;  the 
limits  of  these  four  coloured  images  coincide  therefore  above  in  a 
straight  line,  while  below  they  are  cut  off  like  graduated  steps. 
The  colours  of  the  pajiers  5  and  6,  green  and  blue,  contain  but 
verj-  little  red,  on  which  account  there  is  scarcely  any  red  end  to 
the  coloured  images  they  yield ;  aikd  hence  it  follows  that  the  two 
last  images  appear  much  more  removed  from  their  true  position, 
than  the  image  of  the  red  paper.  No.  4, 

If  wt'  look  through  the  prism  at  a  broad,  instead  of  a  narrow 

piece  of  paper,  we  shall  sec  it  white  in   tlie   middle,   and  only 

coloured   at    the  edges.     Supposing  that  we  look   at   the   white 

strip  of  paper  a  by  in  Fig.  285,   through   a   prism   whose    ftxis 

vtG.  2B5.    is  at  right  angles  to  the  direction  of  length  uf  the 

paper,  the  different  coloured  images  of  the  band  will 

appear  partially  to  overlap  each  other.     The  red  image 

of  the  hand  extends,  for  instance,  from  r  to  r',  the 

orange  from  o  to  o',  the  yellow  from  g  to  ff',  &c. ;  the 

violet,  finally,  from  p  to  i'' ;  it  is  thus  clear  that  the 

images  of  all  the  prismatic  colours  between  v  and  r' 

coincide,  the  whole  spot  from  v  to  r',  must  therefore 

appear  white.    There  is  only  red  light  between  r  and  o; 

red   and  orange  between  o  and  ff ;  red,  orange,  and 

yellow  between  g  and  g  r ;  the  red  end  of  the  image 

will,  therefore,  pass  over  to  a  yellowish  tint.     To  the 

throe  mentioned   colours,  there  succeeds   next   below 

them  green,  blue,  &c.     The  upiwr  part  of  the  image 

is  consequently  red,  passing  gradually  through  yellow 

to  white. 

Tlie  other  end  of  the  image  is  violet,  and  passes  gradually 
through  blue  into  white. 

What  we  have  here  said  of  the  white  strips  of  paper,  applies 
equally  to  every  white  object  of  considerable  extension  seen  through 
a  pnsm,  appearing  coloured  only  at  the  edges. 

A  broad  black  strip  upon  a  white  ground  affords,  when  seen 
through  a  prtsm,  exactly  the  contrary  phenomena ;  that  is  to  say, 
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the  prinmntic  image  at  the  end  wliieh  is  teiuit  refractt^d  ajipeara 
with  a  vioUrt  and  hlue  ei\i*p.,  and  at  the  «ithL'r  uitli  a  rud  and  yellow 
edge.  In  urdcr  to  explain  this  inversion,  we  need  only  consider 
that  tlie  col(»«r8  are  pntduccd  not  from  the  bhiek  atrip,  but  the 
white  Rurt'mvs  bounding  it.  If  the  black  atrip  be  very  narrow,  the 
bhick  in  the  middle  will  entirety  diwippear  from  the  inia^c. 

0/ the  diitper sing  power  of  different  sttbstances. — The  separmtion 
of  the  different  rays  of  light  which  takes  place  in  their  passjij^e 
through  a  prii«ni  is  designated  by  the  term  dispersian.  The  dis- 
persing power  of  a  substance  is  groat  in  proportion  to  the  difference 
between  the  indices  of  refraction  of  the  red  and  violet  rays. 

For  water  this  index  of  refraction  for  the  red  rays  is  1,330, 
while  that  for  the  violet  rays  is  1,3^1;  the  difference  of  the  two  is, 
therefore,  0,014.  For  Hint-glasa,  the  indices  of  refraction  of  the 
red  and  viohtt  rays  arc  1,628,  and  1,671  rcRpectivcly ;  the  diffc* 
rence  is,  therefore,  0,0-13,  three  times  as  g;ioat  as  that  for  water. 

If,  therefore,  wc  make  a  water-prism,  which  proiKrly  placed 
shall  refract  the  rays  as  strongly  as  a  Hint-glass  prism,  the  breadth 
of  the  H|>ectnini  of  the  latt4*r  will  l>e  tliree  times  that  of  the 
epcctnim  of  the  water-prism;  tlur  dis|Mrsing  power  of  Hint-glass  is 
consequently  three  times  as  great  a^i  that  of  water.  l 

For  crown-glass,  the  difference  Ix^tween  the  indices  of  refraction       ' 
for  the  red  and  violet  rays  is  only  half  as  great  as  that  for  flint- 
glass,  the  disjHTsive  power  of  Hint-glass  is,  therefore,  twice  as  great 
as  that  of  cr<iwn-gla.<ui,  although   the  indices  of  refraction  for  the 
two  kinda  of  glass  art^  very  nearly  equal.  ^H 

We  call  prisms  achromatic  when  tlicy  have  the  property  of^* 
refracting  rays  of  light,  without  at  the  same  time  decom]H>sing 
theni  into  colours,  and  achromatic  lenses  arc  those  in  which  the 
foci  of  the  different  rays  coincide  exactly,  showing  the  objects  free 
from  all  coloured  edges.  Achromatism  was  long  considered 
impossible  :  that  is  to  say,  it  was  not  believed  that  light  could  be 
refracted  without  decomjiosition.  Newton  himself  was  of  this 
opinion,  becansc  he  thought  that  disp^^rsion  was  always  propor- 
tional to  the  refracting  power  of  bodies.  Tlie  possibility  of 
achromatism  was  for  a  Ixmg  |>criod  the  subject  of  discussion  between 
the  moat  distinguished  men  of  science  of  their  day,  as  Euin-f 
ClairmU  and  d'Aiembert.  Hell  certainly  tnade  achromatic  tele* 
HcopcH  as  early  as  the  year  1733,  but  ho  did  not  publish  his 
discovery.  Do/lond  also  made  instruments  of  this  kind  in  1757, 
and    be   mode  them    pubhely    kiiuwu.     Dtilltmd's    discovery    was 
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willuiut  doubt  an  event  of  the  highest  importance  to  astronomy; 
in  order,  howe\*er,  to  give  it  ita  fall  sigmfication,  it  was  first  neces- 
uan*  to  develop  the  mathematical  theory  of  achromatism ;  without 
which,  it  would  be  impossible  to  make  the  neecssary  practical 
impn>vcmeut8.  Even  in  the  present  day,  when  such  progress  has 
been  made  in  optica  with  relation  to  the  construction  of  glasses, 
and  notwithstanding  all  the  assistance  rendered  by  the  calculus, 
achromatism  must  be  classed  amongst  the  most  delicate  problems, 
both  in  a  theoretical  and  practical  point  of  view.  In  a  work  of 
this  kind,  we  must  of  course  restrict  ourselves  to  the  development 
of  tlio  principles  only  on  which  the  construction  of  achromatic 
prisms  and  lenses  depend. 

If  wc  m arrange  t«o  prisms  A  and  B,  Fig.  286,  that  the  refracting 
otlgi's  arc  directed  towards  opposite  sides,  the  action 
f»f  one  will  more  or  less  fully  destroy  that  of  the 
.other.  The  dispersion  of  colour  produced  by  A  will 
be  counteracted  by  that  occasioned  by  the  prism  B ; 
if,  under  similar  cirounistances,  each  of  the  prisma 
alone  give  an  equally  large  spectrum ;  for  in  thia 
case,  the  action  of  the  prism  B^  in  relation  to  the 
dispersion  of  colour,  is  exactly  equal  to  that  of  the 
1  prism  Aj  and  vice  versd. 

If  the  dispersion  were  actually  proportional  to  tlie 
refracting  power,  as  Newion  supposed,  two  prisms  of  different 
substances  could  only  give  equal  spectra,  provided  the  deviation 
produced  by  the  one  were  equal  to  that  by  the  other ;  if,  therefore, 
two  prisms  of  the  kind  represented  at  Fig.  2S6  were  placed 
together,  the  decomposition  of  colour  would  be  stopped  by  this 
combination,  and  with  it  the  deviation  likewise. 

Later  experiments  have,  however,  shown,  as  we  have  mentioned, 
that  Newion  was  wrong  in  the  opinion  he  had  formed  on  this  subject ; 
thus,  for  instance,  dispersion  is  much  more  considerable  in  ftinl- 
glass  than  in  crown-glaas,  whilst  the  average  indices  of  refraction 
of  both  kinds  of  glass  do  not  very  essentially  differ ;  with  an  equal 
deviation,  the  spectrum  of  a  prism  of  Hint-glass  is  almost  twice  as 
great  as  that  of  a  prism  of  crown-glass. 

If  the  refracting  angle  of  a  prism  be  not  too  great,  wc  may 
assume  without  any  marked  error,  that  the  breadth  of  a  coloured 
image  is  proportional  to  the  refracting  angle;  supposing  now  that 
wc  have  a  prism  of  crown-glass  of  25*^,  we  may  easily  calculate 
the  angle  of  a  prism  of  Hint-glass  giving  the  same  diaprrsion  of 
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colour.  As  the  total  dispersion  of  the  flint-glass  is  twice  as  great 
as  that  of  the  crown-glass,  the  refracting  angle  of  the  fiint-glasa 
must  also  be  twice  as  small :  that  is  about  12^**.  The  dispersion 
of  colour  of  a  flint-glass  prism  of  12^",  is  as  great  as  that  of  a 
crown-glass  prism  of  25"  j  two  such  prisms,  therefore,  combined 
in  the  manner  indicated  at  Fig.  286  will  not  produce  any  further 
dispersion  of  colour. 

But  as  the  indices  of  refraction  of  both  kinds  of  glass  are 
generally  very  nearly  equal,  the  deviations  of  the  prisms  A  and  B 
will  be  nearly  as  their  refracting  angles ;  the  deviation  produced 
by  A  is  nearly  twice  as  great  as  that  produced  by  B ;  the  prism 
B  can  therefore  only  remove  about  half  the  deviatiuu  produced  by 
A  i  the  combination  of  the  prisms  A  and  B  will,  therefore,  still 
produce  a  deviation,  but  not  any  dispersion  of  colour. 

Every  simple  lens,  whatever  be  the  substance  from  which  it  is 
formed,  will  have  a  different  focus  for  every  different  kind  of  ray, 
because  the  indices  of  refraction  of  the  rays  of  different  colours 
arc  not  equal.  The  focus  of  the  red  rays  lies  further  from  the 
lens  than  the  focus  of  the  violet  rays.  The  foci  of  the  red  and 
violet  rays  arc  not  cqui-distant  in  all  lenses,  as  this  distance 
depends  on  one  hand  upon  the  cunature  of  the  lenses,  and  on  the 
other  upon  the  dispersive  power  of  the  substance.  In  iiroportion 
as  the  curvature  of  the  lens  from  the  middle  towards  the  edge  ia 
inconsiderable,  the  foci  for  the  different  colours  will  also  be  nearer 
to  each  other. 

The  consequence  of  this  last  mentioned  circumstance  is  that  the 
images  of  such  lenses  appear  more  or  less  impure,  and  more  or  less 
bordered  with  coloured  edges.  We  may  be  easily  convinced  oi 
this  by  looking  at  the  letters  of  a  book  through  a  lens  of  great 
curvature,  or  by  producing  the  image  of  distuut  objects  by  such  a 
lens  on  a  ground-glass  table,  when  everything  ivill  in  like  manner 
be  surrounded  by  coloured  edges.  As  the  distinctness  of  images  in 
microscopes,  as  well  as  in  telescopes,  was  thus  materially  affected^ 
the  discovery  of  the  construction  of  achromatic  lenses  was  of  the 
greatest  importance  in  practical  optics. 

The  achromatism  of  lenses  depends  upon  the  same  principles 
as  the  achromatism  of  prisms  j  achromatic  lenses  are  composed  ol 
simple  lenses  made  of  different  kinds  of  glass.  A  crown-glasa 
and  a  flint-glass  lens  are  commonly  combined  together  for  thifl 
purpose.  The  action  of  lenses  upon  rays  of  different  colours  ii 
such  that  a  concave  lens  causes  the  violet  rays  to  converge  more 
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Strongly,  while  a  concave  lens  makes  tbem   diverge  more  powcr- 
f\illy  than  the  red  rap;  we   may,  therefore,   underetand  how  a 

combination  of  a  concave  and  a 
convex  lens  as  Been  at  Fig.  287,  is 
able  wholly  to  destroy  the  disper- 
sion of  colour;  if  the  two  lense* 
be  of  different  kinds  of  glass,  the 
dispersion  of  colour  may  be  stopped 
without,  on  that  account,  the  reft^ction  ceasing. 

If  a  convex  lens  of  crown-glass,  and  a  concave  lens  of  flint*glaM 
produce  an  equally  strong  dispersion  of  colour,  the  two  combined 
will  produce  no  dispersion  at  all ;  but  as  flint-glass  acts  with  a 
more  strongly  dispersive  power,  a  concave  lens  of  flint-gla**  capable 
of  destroying  the  dispersion  in  a  convex  lens  of  crown-glass,  will 
not  be  able  entirely  to  remove  the  convco'gency  of  the  rays  caused 
by  the  convex  lens;  the  two  tenses  taken  together  will,  therefore, 
act  as  a  convex  lens,  whilst  the  dispersion  of  colour  is  destroyed, 
thus  forming  an  achromatic  ient. 


CHAPTER   IV. 


OP    THE    EYE    ANO    OPTICAL    INSTRUMENTS. 

The  sensations  of  light  and  of  colour  depend  npon  an  affection 
of  special  nenes,  whose  delicate  extremities  are  distributed  as  a 
nervous  meinbrano,  named  the  retina.  The  sensation  of  darkness 
depends  upon  a  perfect  state  of  rest  in  this  ner\'ous  membrane, 
every  irritation  producing  the  sensation  of  light ;  this  irritation  is 
most  especially  produced  by  rays  of  light  passing  from  bodies  in 
the  external  world  through  the  eye  to  the  retina,  although  the 
sensutions  of  light  and  colour  may  be  produced  by  other  causes,  and 
without  the  co-operation  of  rays  of  light  coming  from  without,  as 
for  instance,  by  the  pressure  of  the  blood  (scintillations  before  the 
closed  eyes).  An  external  pressure  upon  the  closed  eye,  and  an 
electrical  discharge  arc  likewise  capable  of  producing  sensations  of 
light- 
To  distinguish  external  objects  by  the  sight,  it  is  not  sufficient 
that  the  rays  of  light,  passing  from  a  body,  should   fall  upon  the 
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retina ;  but  a  spe<'ial  apparatus  ia  also  necessary  for  the  purpose  of 
distributing  the  light,  by  which  intans  the  rays  passing  from  a 
luminous  point  may  only  strike  one  definite  spot  of  the  retina, 
and  that  the  rays  of  light  coming  from  other  points  may  be  kept 
from  this  spot ;  in  this  manner  the  different  parts  of  the  retina 
are  differently  affected,  and  a  distinction  of  objects  is  consequently 
rendered  possible.  Where  there  is  a  deficiency  of  such  an  appa- 
ratus for  distributing  light,  as  is  the  case  with  many  of  the  lower 
classes  of  animals,  there  is  actually  no  sight  properly  so  called, 
but  simply  the  power  of  distinguiiiliing  light  from  darkness,  day 
from  night ;  yet  even  here  a  8]>ecial  nervous  apparatus  is  uecea- 
sary. 

The  apparatus  intended  for  the  isolation  of  the  impressions  of 
light,  is  not  arranged  in  the  same  manner  in  all  classes  of  animals, 
here  we  distinguish  two  essentially  different  kinds  of  eyes;  1.  the 
mosaic  coTnposum  etjes  of  insects  and  Crustacea,  and,  3.  the  eyes  of 
vertehrata  provided  with  convex  Icttses. 

Compusum  eyes. — MiiUer  was  the  first  to  throw  any  light  by 
his  classical  investigations  upon  mosaic  composum  eyes.  There  arc 
a  very  great  number  of  transparent  small  cones,  standing  rectan- 
gularly upon  the  convex  retina,  and  only  those  rays  falling  in  the 
direction  of  the  axis  of  the  cone  can  reach  its  base  on  the  retina. 
All  laterally  incident  light  ia  absorbed,  because  the  lateral  walla 
of  the  cone  are  invested  with  a  darkly-coloured  pigment.  In  Fig. 
288, /c  A^  ia  a  section  of  the  convex  retina,  vni\i  the  transparent 
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cylinders  upon  it.     It  ia  cWdent  that   the 
rays  passing  from  the  luminous  }>oint  A  can 
only  strike  the  retina  in  c  b,  the  base  of  the 
truncated  cone  abed;    the  bases  of  the 
two  cones  contiguous  to  a  d  c  rf  are  no  longer 
struck  by  the  rays  passing  from  A  ;  a  lumi- 
nous point  B  sends  its  rays  to  another  spot 
of  the  retina  and  so  on.     All  the  li^t 
coming  from  poiuta,  lying  on  the  prolonga- 
tion of  the  cone,  will  naturally  act  upon  the 
basis  of  such  a  transparent  cone,  and  the 
impressions  of  light  from  all  points,  sending 
light  on  the  basis  of  the  same  cone,  will  also  blend  together;  from 
which  we  see  that  the  distinctness  of  an   image  on  the  retina  is 
greater  in  proportion  to  the  number  of  cones.     M'uUer*  charac- 
•  MulWi  Pbyniologj-,  trwislalM  hy  Baly,  Vol.  ii.  p.  1091. 
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terises  the  sight  of  such  eyea  with  striking  accuracy,  when  he  snys: 
"  an  image  formed  by  several  thousand  separate  points,  each  (»f 
which  corresponds  to  a  distant  tieid  of  vision  in  the  external  wurld^ 
will  resemble  a  piece  of  mosaic  work,  and  a  better  idea  cannot 
be  conceived  of  the  image  of  external  objects,  which  will  be 
depicted  ou  the  retina  of  beings  endowed  with  such  organs  of 
vision,  than  by  such  a  comparison." 

Tbe  size  of  the  field  uf  vision  of  such  eyes,  naturally  depends 
upon  the  angle  made  by  the  axes  of  the  external  cones,  that  is 
upon  the  convexity  of  the  eyes.  The  transparent  membrane 
covering  the  eye  exteriorly^  the  cornea,  is  generally  divided  into 
facrtteSf  each  separate  facette  corresponding  to  the  above  men- 
tioned transparent  cone.  The  number  of  the  facettes  of  such  an 
eye  is  generally  very  great,  a  single  eye  containing  often  from 
12  to  20,000  such  facettes. 

All  insects  have  not  such  mosaic  composum  eyen ;  spiders,  for 
instance,  have  simple  eyes  with  lenses,  entirely  formed  like  the 
eyes  of  the  vertebrate  animals ;  there  are  also  many  insects  which, 
besides  the  mosaic  composum  eyes,  have  also  simple  eyes  with 
lenses,  but  the  construction  as  well  as  the  position  of  these  would 
lead  us  to  conjecture  that  they  are  only  intended  for  seeing  the 
must  contiguous  objects. 

Simple  eye$  with  convex  ienses, — The  image  is  formed  upon  the 
retina  of  eyes  having  collective  lenses  in  precisely  the  same  manner 
as  tlie  images  of  ordinary  convex  lenses ;  the  rays  issuing  from 
one  point  of  the  object,  and  striking  the  anterior  surface  of  the 
eye,  are  refracted  by  the  transparent  media  of  that  organ  towards 
a  point  of  the  retina.  Fig.  289  represents  the  section  of  a  human 
nil.  889.  eye.     The  whole  globe  of  the 

eye  is   surrounded  by   a   firm, 
'  .^A_  ^  bard    membrane,    only    traus- 

■    ^^^^^^i=^— ^emf  —  ^^mi  pwent  at  the  front  part ;   this 

tranaparent  portion  is  called  the 
ctfrn^t  and  the  white  opaque 
put  the  tunica  sclerotica ;  the  transparent  cornea  is  more  strongly 
carred  than  the  rest  of  the  globe.  Behind  the  cornea  lies  the 
coloured  prismatic  membrane,  the  iris,  which  is  plane,  cutting 
off,  as  it  were,  the  curvature  of  the  transparent  cornea  from  the 
remaining  parts  of  the  eye.  In  the  middle  of  the  iris  at  s  s*, 
tliere  is  a  circular  opening,  which,  seen  from  the  front,  appears 
perfectly  black,  the  opening  bears  the  name  of  the  pupil.     Behind 
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the  iris  and  pupil  is  the  crystalline  lens  c  c'j  within  a  transpan^ut 
cupsule,  by  which  it  is  also  attached  to  the  outer  wall  of  the  eye. 
Between  the  Irna  and  the  roriiea,  there  is  a  clear  and  somewhat 
saline  Huid  [humor  aquew:)^  while  ilie  whole  space  behind  the 
lens  is  filled  with  a  transparent  gelatinous  substance  {humor 
vitretu).  The  crystalline  lens  itself  is  flatter  anteriorly  than 
posteriorly. 

Above  the  scleroticaj  in  the  interior  of  the  eye,  is  the  choroid 
membrane  [tunica  churoidea),  and  over  this  lies  the  retina,  which 
is  an  expansion  of  the  optic  nerve.  The  choroid  membrane, 
which  invests  the  whole  inner  cavity  of  the  eye,  is  covered  over 
with  a  black  pijj^ment,  the  object  of  which  is  to  prevent  the  purity 
nf  the  image  being  disturbed  by  reflection  within  the  eye.  For 
the  same  reason,  the  interior  surface  of  telescopes  is  stained 
black. 

The  rays  of  light  that  fall  upon  the  eye  strike  the  front  of 
the  sclerotica,  (the  white  of  the  eye),  and  art*  irregxdnrly  distributed 
in  all  directions,  or  they  enter  the  eye  through  the  cornea ;  the 
external  rays  of  the  pencil  passing  through  the  cornea  fall  upon 
the  iris,  and  arc  irregularly  distribiited  in  all  directions,  by  which 
moans  the  coloiu*  of  the  iris  becomes  visible.  The  central  rays 
jiaas  through  the  pupil  to  the  lens,  and  are  thence  refracted 
towards  the  retina  in  such  a  manner,  that  the  rays  passing  from 
a  point  of  an  external  object  through  the  pupil,  are  again  united 
in  a  point  upon  the  retina.  Thus  an  image  of  the  object  before 
the  eye  is  impressed  upon  the  retina.  In  Fig.  289,  m  is  the  inomge 
of  the  point  /,  and  m'  the  image  of/'. 

We  may  prove  by  an  experiment  on  the  eye  of  an  ox  or  a 
horse,  that  a  diminished  inverted  image  of  the  object  before 
the  eye  is  really  impresstrd  upon  the  i-etina.  Wc  must  carefully 
open  the  eye  in  order  to  be  enabled  to  sec  the  retina  through 
the  vitreous  humour,  then  if  the  eye  be  directed  towards  a  window, 
(►r  any  bright  object,  we  distinctly  see  a  diminished  inverted 
image  of  it  upon  the  retina.  Tliis  is  most  clearly  seen  iu  anixnah) 
in  which  the  choroid  is  destitute  of  pigment,  as  in  white  rabbits, 
whilst  at  the  same  time  the  back  f)art  of  the  sclerotica  is  trans- 
parent. In  such  eyes,  the  images  on  the  retina  may  be  seen 
without  further  preparation. 

Distinct  vision  at  different  distances, — We  have  already  seen 
that  the  image  nf  a  lens  changes  its  ])osition  if  the  object  be 
drawn  nearer  or  removed  further  awavj  the  image  recedes  further 
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from  the  glass  in  proportion  as  the  object  approaches  it.  As 
the  eye  acts  entirely  like  a  lens,  and  wc  arc  only  able  to  see 
objects  clearly  when  the  points  of  union  of  the  refracted  rays 
fall  exactly  upon  the  retina,  wc  might  suppose  that  we  could 
only  see  objects  at  a  dctinitc  distance,  when  the  image  was 
sharply  defined  upon  the  retina ;  experience  shows,  however, 
that  the  contrary  is  the  case,  and  that  a  sound  eye  can  distinctly 
sec  all  objects  when  removed  more  than  eight  inches  from  it : 
it  must,  therefore,  have  the  capacity  of  accommodating  itself  to 
diffurent  distances. 

We  may  show  this  by  a  very  simple  experiment ;  if  we  make 
a  snmll  black  8]K>t  upon  a  transparent  glass  plate,  and  hold 
it  from  10  to  12  inches  from  the  eye,  we  may  see  at  pleasure 
cither  the  spot,  or  the  distant  objects  through  the  glass  plane. 
If  wc  sec  the  remote  objects  distinctly,  the  spot  will  appear  cloudy 
and  undefined,  while  on  the  other  hand,  distant  objects  will 
he  distorted  when  the  spot  is  seen  with  distinctness;  when, 
therefore,  distant  objects  appear  distinct,  the  rays  jMissing  from 
the  dark  spot  are  not  limited  upon  the  retina,  and  conversely  : 
the  eye  has  thus  the  capacity  of  adapting  itself  to  seeing  at  small 
and  great  distances. 

If  now  the  rays  passing  from  a  luminous  point  are  united 
before  or  behind  the  retina,  a  small  circle  of  dispersion  will  be 
formed  upon  the  retina  instead  of  the  bright  point,  and  this 
is  the  reason  that  objects  at  a  distance,  to  which  the  eye  cannot 
accommodate  itself,  appear  indistinct.  This  power  of  adaptation 
has  its  limits,  for  if  the  objects  be  brought  too  near  the  eye, 
that  organ  is  no  longer  able  to  make  those  alternations  necessary 
for  causing  the  image  to  fall  upou  the  retina,  in  which  case 
the  points  of  union  lie  behind  that  membrane,  and  circles  of 
dispersion  of  the  separate  luminous  points,  instead  of  the  sharply 
deiuied  image,  are  formed  upon  it;  so  that  it  is  no  longer  possible 
to  distinguish  the  figiu'ea.  A  piu's-head,  for  instance,  cannot 
be  distinctly  seen  when  held  at  I  or  2  inches  only  from  the 
eye. 

As  the  point  of  union  of  rays  from  the  lens  is  the  more  distant 
as  the  objects  approach  nearer  to  it,  we  may  explain  distinct 
vision,  at  different  distances,  by  the  assuuiptiou  that  the  length 
of  the  axis  of  the  eye  may  be  increased  or  dinimishcd  at  ^ileasure ; 
the  axis  of  the  eye  must  be  longer  for  near  than  for  distant 
objects,  or  in  othr     words,  the  retina  is  further  removed  from  the 
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cornea  for  near  objects.  Others  has  calculated  the  prolougatioii  of 
the  aiis  of  the  eye  necessary  to  explain  distinct  vision  at  a  distance 
extending  from  4  inches  to  infinity.  The  numbers  given  in  the 
following  httle  table  arc  taken  from  these  calculations. 


DIBTANCB   OF 

TRB    lUAOS 

raoM 

TBK 

CORNBA. 

0,8997 

inches. 

0,9189 

it 

0,9671 

*} 

1,0426 

>i 

^^^H 

DISTANCE    OF    TUK    ORJKCT. 

Infinite. 
27  inches. 
8      ,. 
4      „ 


According  to  this  calculation,  a  prolongation  of  the  axis 
of  the  eye  of  about  1  inch  would  suffice,  without  any  change  of 
cun*ature  of  the  lens  and  the  cornea,  to  explain  diatinct  vision 
from  4  inches  to  infinity. 

If  we  would  explain  the  power  of  adaj)tation  of  the  eye  by 
a  change  of  the  curvature  of  the  cornea,  we  must  according  to 
Oibers*  calculations  assume  the  following  variations  : 


DlttTAirCS   OF    TQB   OBJKPt. 

RADIUS   OF  TBI   COBJCBA. 

Infinite. 

0,333  inches. 

27  inches. 

0,321      „                      J 

20     „ 

0,303      „                  J 

5      „ 

0,273                         ^M 

!f  thus  the  radius  of  cur\ature  of  the  cornea  were  only  altered 
from  0,333  to  0,300,  and  the  axis  of  the  eye  could  be  lengthened 
or  shortened  about  half  a  line,  the  power  of  adaptation  possessed 
by  the  eye  for  all  distances  from  4  inches  to  infinity,  would  admit 
of  explanation. 

However  aucb  an  assumption  may  explain  the  power  of  ada{>- 
tatioB  possessed  by  the  eye,  its  conrctncss  is  by  no  means  proved ; 
in  fact,  many  objections  have  been  raised  against  it,  and  at  any 
rate  so  great  a  change  in  the  curvature  of  the  cornea  is  somewhst 
i^robable. 

Other  physiologists  endeavour  to  explain  this  power  of  adapta- 
tion of  the  eye  by  the  compression  and  change  of  position  of  the 
lens,  and  although  this  may  be  probable,  it  is  by  no  means 
proved  with  certainty.  This  rapacity  may,  perhaps,  be  derived 
from  a  co-operation  of  all  these  causes. 


DISTANCB    or   0ISTINCT   VISION. 


266 


Dititance  of  diistinct  vision.  ShuTt-Htghtedness  and  hng'Siyhted- 
riess, — It  has  already  been  observed  tbut  ubjeetii  wbeu  brought 
too  near  the  eye,  can  no  lougcr  be  distinctly  Bcen.  Tlierc  is 
a  certain  distance  for  every  eye,  beyond  which  an  object  must 
not  hii  placed  if  it  is  to  be  distinctly  iteen  without  exertion ; 
at  this  diutaucc  of  distinct  vision  we  involuntarily  hold  a  book 
in  readings  if  it  be  printed  with  type  of  ordinary  siee.  If  we 
bring  the  object  ncai'cr,  it  cannot  be  seen  without  effort,  while 
at  a  still  closer  proximity,  distinct  vision  is  no  longer  possible. 
In  a  perfectly  aound  eye,  the  distance  uf  distinct  vision  is  about 
8  or  10  inches  :  where  this  distance  is  less,  we  term  the  eye 
short'tighted ',  where  it  is  greater,  long-sighted. 

Indistinctness  of  vision  with  reference  to  objects  in  close 
proximity,  arises,  as  we  have  already  observed,  from  the  rays 
passing  from  the  point  of  a  near  object  diverg;ing  so  strongly  that 
the  refracting  media  of  the  eye  are  no  longer  able  to  make  them 
suificicutly  eonverf^cnt  to  produce  a  re-union  upon  the  retina; 
as  the  point  of  uuiou  falls  in  this  case  behind  the  retina,  they 
appear  with  a  circle  of  dispersion.  If  we  are  able  to  hinder 
the  formation  of  this  circle  of  dispersion,  we  may  see  objects  when 
brought  vury  near  to  the  eye. 

If  we  look  through  a  hole  made  with  a  pin  in  a  card,  holding 
the  eye  close  to  it,  we  shall  still  distinctly  see  the  letters  of  a  book, 
which  will  appear  considerably  enlarged,  whilst  on  the  removal 
of  the  card,  we  shall  no  longer  be  able  to  distinguish  the  letters. 
The  reason  of  this  is,  that  rays  can  only  reach  the  eye  from 
one  point  of  the  neighbonring  object,  passing  in  one  direction 
only,  through  the  fine  opening  in  the  card,  and  these  will  also 
strike  the  retina  in  one  point  only,  whilst  if  the  card  do  not 
keep  oflF  the  other  rays,  a  whole  pencil  will  pass  from  one  point 
of  the  object  through  the  pupil  into  the  eye,  forming  a  circle 
of  dispersion  u}>on  the  retina. 

We  may  here  mention  the  interesting  and  instructive  experiment 
of  Father  Scheiner.*  If  we  make,  in  a  card,  two  minute  orifices 
with  a  needle,  at  a  smaller  distance  from  each  other  than  the 
diameter  of  the  pupH,  and  hold  these  openings  close  to  the  eye, 
we  see  a  double  image  of  a  small  object,  as  a  pin's-head,  held 
within  the  visual  distance.  From  this  small  object  there  pass  two 
very  minute  pencils  of  rays  through  the  apertures  into  the  eye. 
These  rays  converge  towards  a  point   lying   behind   the   retina, 

*  OcuIm  ftioe  fuBiUmciitum  OpUoim.  etc.  lft&2. 
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falling  upon  the  latter  at  two  different  points ;  these  are  twoiaolat 
points  of  the  circle  of  diajxTsion,  which    would  arise  upon    theJ 
retina  if  the  other  rays  were  not  intercepted  by  the  card. 

If  now  we  remove  the  small  object  more  and  more,  the  images 
will  approach,  because  the  rays  falling  upon  the  eye  through 
the  apertures  will  diverge  less,  and  consequently  be  refracted 
towards  a  point  lying  nearer  to  the  retina.  If  the  object  be 
removed  from  the  eye  to  the  distance  of  distinct  vision,  the  two 
images  will  perfectly  c<>iucide,  since  all  rays  passing  from  one 
point  lying  exactly  at  the  distance  of  distinct  vision,  will  be  con- 
centrated at  one  point  of  the  retina. 

We  naturally  see  near  and  distant  objects  with  equal  dis- 
tinctness through  a  tine  aperture  in  a  card  held  close  before 
the  eye,  without  there  being  any  necessity  for  the  eye  to  accom- 
modate itself  to  the  distances,  since  the  rays  passing  from  one 
point  of  the  object  only  strike  the  retina  at  one  point ;  through 
such  an  aperture,  we  may  therefore  at  the  same  time,  distinctly  sec 
near  and  distant  objects ;  we  may  here  ask  what  arc  the  conditions 
of  adaptation  necessary  for  an  eye  in  looking  through  a  fine 
aperture  ?  And  the  answer  naturally  is,  that  in  its  normal 
condition,  for  the  maintenance  of  which  no  effort  ia  necessary, 
the  eye  is  in  the  state  requisite  for  seeing  objects  which  lie  at 
the  distance  of  distinct  vision. 

lict  us  now  revert  to  Scheiner'a  experiment :  if  a  distant  object 
be  obser\'ed  through  both  openings,  the  rays  passing  into  the  eye 
through  these  two  apertures  must  evidently  meet  at  one  |>oiiit 
before  the  retina,  as  the  condition  of  each  adaptation  docs  not 
change  in  the  eye ;  but  the  two  pencils  diverge  again  behind  the 
point  of  intersection,  striking  the  retina  at  two  different  points, 
when  consequently  distant  objects  will  be  seen  double.  Through 
the  two  small  apertures,  therefore,  we  only  gee  a  small  object  single, 
when  it  lies  at  the  distance  of  distinct  vision. 

On  the  principles  deduced  from  Scheiner'e  experiments,  inatru- 
nicnts  have  been  constructed  which  bear  the  name  of  optometers, 
and  serve  to  detlnc  the  distance  of  distinct  vision. 

Short-sighiednesSf  Myopia,  and  long-sightedness,  Preshytrpia,  are 
defects,  the  causes  of  which  must  be  sought  for  in  a  deficiency  of 
the  power  of  adaptation,  on  which  habit  exercises  a  ver)-  injurioiu 
effect ;  fthort-sightcdncBs  often  arises  from  the  neglect  of  exercising 
the  sight  on  distant  objects,  and  children  who  bend  the  bead  too 
closely  over  the  paper  in   writing  or  reading,  frequently  become 


ACHROMATISM    OT    THE    ETE. 


267 


sliort-sightcd  in  consequeDoe.  A  prolong^  use  of  the  niici-oscopc 
will  cause  au  otherwise  strand  eye  to  become  temporarily  short- 
viglitcd,  this  condition  frequently  continuing  for  some  hours.* 

The  simplest  method  of  improving  cither  defect  consists,  rb  we 
have  already  stated,  in  holding  a  card  having  a  fine  aperture  close 
to  the  eye.  By  tbi»  means,  the  principle  of  which  haa  abeady 
lK-«n  cxplainetl,  the  distinctnesB  uf  the  image  will  certainly  be 
restored  at  the  expense  of  the  cleaniess. 

Another  method  is  the  use  of  spectacles,  which  arc  constructed 
with  fxmcavc  glasses  fur  short-sighted  eyes,  and  with  convex 
glasses  for  long-sighted  eyes.  In  a  short-sighted  eye,  the  images 
of  distant  objects  fall  before  the  retina,  and  the  eye  has  not  the 
power  of  accommodating  itself  in  such  a  manner  that  the  images 
can  be  formed  upon  the  rt^tina  j  wc,  therefore,  on  this  account  alter 
the  refractive  power  of  the  eye  by  the  use  of  concave  glasses,  by 
means  of  which  the  rays  coming  to  the  eye  converge  less  strongly, 
and  thus  enable  the  ruys  to  unite  upon  the  retina. 

In  far-sighted  fiersons  the  image  of  contiguous  objects  falls 
behind  the  retina,  without  the  eye  being  able  to  accommodate 
itself  to  this  condition  of  refraction;  wc  therefore  use  convex 
glasses  to  make  the  rays  more  convergent,  and  thus  bring  the 
point  of  union  upon  the  retina. 

More  or  less  strong  glasses  mast  be  employed  where  there  is 
more  or  less  short-sightedness  present ;  and  the  object  to  be 
uttendc^d  to  in  the  choice  of  the  glasses,  is  that,  in  co-operation 
with  them,  the  distance  of  distinct  vision  may  be  rendered  the 
same  aa  in  a  perfectly  sound  eye,  that  is  about  8  or  10  iuches. 

Short-sightedness  appears  more  frequently  in  middle  oge,  and 
long-sightedness  in  old  age. 

Achromatinn  of  the  ^e, — In  ordinary  lenses,  the  foci  of  the 
rays  of  ditfcrcnt  colonr  do  not  coincide,  and  hence  arise  those 
coloured  edges  which  we  perceive  on  the  outlines  of  objects  seen 
through  a  common  lens ;  that  is,  if  the  opening  of  the  lens  is 
large,  and  the  objects  are  not  in  the  middle  of  the  field  of  new. 
We  have  already  seen  how  lenses  may  be  made  achromatic,  or  free 
from  this  defect.  The  human  eye  is  likewise  an  achromatic  instru- 
ment, for  we  see  the  objects  pure  and  without  coloured  borders. 

As  the  achromatism  of  lenses  may  be  effected  by  a  enmbination 
of  different  refracting  substances,  and  of  unequal  dispersive  power, 
the  possibility  of  the  achromatism  of  the  eye  may  easily  be  con- 
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ceived,  since  a  ray  of  light  in  its  course  througih  that  orpan  has  to 
traverse  successively  three  different  media,  which,  wheu  taken 
together  act  as  au  achromatic  leas. 

The  eye  is  not,  however,  perfectly  achromatic,  for  we  only  see  an 
object  pure  if  the  eye  can  properly  accommodate  itself  to  the 
distance  of  this  object.  We  see,  for  instance,  very  vividly  coloured 
edges  on  a  dark  object  lying  before  the  eye  if  we  look  beyond  it 
upon  distant  objects  and  sec  these  distinctly  j  if,  for  instance,  we 
make  a  hole  of  about  1  line  in  diameter,  and  holding  it  5  or  6 
inches  from  the  eye,  liMjk  through  it  towards  some  distant  object, 
the  edges  of  the  opening  will  a]vpear  coloured. 

Helation  between  the  perception  of  the  eye  and  the  exterruil  world. 
— The  act  of  vision  depends  essentially  upon  the  affections  of  the 
retina  being  reduced  to  a  state  of  consciousness  by  certain  meaus 
unaccountable  to  us.  We  actually  only  take  cognizance  of  one 
definite  condition,  one  certain  affection  of  the  retina ;  but  that  wc 
convert  the  images  of  the  retina  at  oucc  into  representations  of  the 
external  world  is  an  act  of  immediate  and  (qx>ntaneou8  judgment, 
and  we  have  attained  such  certainty  in  this  by  constant  self-corro- 
borating experience,  that  we  do  not  feel  the  retina  to  be  a 
perceptive  organ,  and  confuse  the  direct  inij)rc8sion8  with  what, 
according  to  our  judgment,  is  the  cause  of  them.  This  substi- 
tution of  the  judgment  for  sensation  occurs  involuntarily,  and  so 
tu  say,  haa  become  a  second  nature  to  us. 

Aa  wc  put  for  the  sensation  upon  the  retina  a  representation 
of  the  cxteniial  world ;  wc,  in  like  manner,  substitute  an  object 
external  to  us  for  every  image  on  the  retina.  That  we  seek  in 
a  deftnite  direction  the  abject  corresponding  to  a  definite  image 
of  the  retina,  is  as  much  the  result  of  continuous  consequent 
experience  as  the  action  of  our  sense  of  sight  with  reference  to 
the  external  world. 

If  wc  suppose  the  object  and  its  image  on  the  retina  connected 
by  a  straight  line,  this  is  the  direction  in  wbicli  we  perceive  the 
images  externally.  Volkmann  has  shown  that  if  we  draw  a  straight 
line  from  each  point  of  the  image  on  the  retina  towards  the  corres- 
ponding points  in  the  external  world,  all  lines  will  intersect  each 
other  at  one  point,  lying  in  the  interior  of  the  eye  and  behind  the 
lens;  this  point  he  calls  the  point  of  intersection. 

It  has  been  already  shown  that  diminished  and  inverted  images 
are  formed  upon  the  retina,  and  hence  the  question  arises,  why  wc 
do  not  see  all   things   inverted?     This   question  is  satisfactorily 
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answered  in  the  above  considerations.  The  knowledge  of  the 
existence  of  an  image  ou  the  retina,  and  of  its  lying  on  the  upper 
and  lower  parts  of  the  retina,  on  its  right  or  left  side,  can  only  be 
attained  by  optical  investigations;  the  sensation  of  the  retina  does 
not  occxir  as  consciousness,  but  is  involuntarily  projected  exter- 
nally in  a  certain  direction^  namely,  that  in  vrhich  the  objects  lie 
that  cause  the  images  on  the  retina.  In  this  direction,  however, 
we  also  find  objects  by  other  perceptions  of  sense :  as,  for  example, 
by  the  sense  of  feeling ;  there  U  consequently  the  greatest 
harmony  between  the  different  perceptions  of  sense  in  relation  to 
locality;  and  without  such  a  state  of  harmonious  accord,  we 
should  see  objects  inverted. 

With  the  representation  of  external  things,  by  means  of  the 
organ  of  vision,  we  coiubiue  also  a  representation  of  tht^ir  size  and 
distance.  The  images  on  the  retina  Ue  side  by  side,  and  if  we  do 
not  recognise  the  corresponding  objects  to  be  immediately  conti- 
guous to  each  other,  but  situated  the  one  behind  the  other,  that  is, 
if  we  raise  ourselves  from  the  plane  on  which  our  observations  are 
made  to  an  imaginary  representation  of  the  depth  of  space,  this  is 
an  act  of  the  understanding,  and  not  of  sensation.  The  young 
child  has  no  conception  of  distance,  and  grasps  at  the  moon  as  at 
objects  immediately  within  his  reach.  The  conception  of  the 
depth  of  visual  space  is  only  acquired  by  moving  in  space,  by 
observing  that  images  change  by  this  motion,  and  enabling  us  by 
our  own  change  of  place  to  form  au  idea  of  the  distance  of  objects. 
The  apparent  sixe  of  objects  depends  upon  the  size  of  the  image 
on  the  retina.  If  we  snpix)se  lines  drawn  from  both  cxtrcmitica 
of  the  image  on  the  retina  towards  the  corresponding  extreme 
points  of  the  object,  these  lines  will  intersect  each  other  at  an 
angle  x,  whieli  we  call  the  angle  of  vision;  the  size  of  this  angle 
is,  however,  proportional  to  the  size  of  the  image  on  the  retina, 
and  we  may  therefore  say  that  the  apparent  size  of  objects  depends 
upon  the  sixe  of  the  visual  angle  under  which  they  appear.  Two 
objects  of  different  size,  tm  A  B  and  A'  B\  may  have  the  same 

ap]»»rcnt  size,  if  their  siac  be 
proportional  to  their  distance 
fn*iii  the  eye ;  different  objects, 
therefore,  who»e  sires  are  as 
1:2:3  &c.,  will  appear  at 
once,  twice,  thrice  the  distance 
under  an  equally  great  angle 
nf  \\  \D\\. 
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Our  judgment,  regarding  the  actual  size  of  object*  ^d  thdr 
distance,  ia  only  acquired  by  continued  experience,  and  may 
by  practice  attain  a  moat  extraordinary  degree  of  certainty. 

Vution  with  both  eyes. — When  we  direct  both  eyes  to  one  object, 
we  see  only  a  single  image,  provided  the  eye  accommodate  itself 
to  the  distance  at  which  the  object  ia  placed;  wc  always  see  a 
double  image  if  the  eye  accomnwHlates  itself  to  a  gn:ater  or  smaller 
distance;  we  see  it  sharply  and  distinctly  when  we  see  it  siugly  ; 
and  it  appears  indistinct  and  distorted  when  seen  doubly. 

We  may,  at  will,  see  a  single  or  double  image,  by  holding 
before  the  face  one  or  two  fingers  exactly  behind  the  other,  at 
a  distance  of  about  1  and  2  feet,  when  the  back  one  will  appear 
double  if  we  direct  the  axes  of  the  eyes  to  the  foremost  one,  and 
vicC'Versd. 

In  Fig.  291,  L  and  R  are  the  two  cye«,  A  and  B  two  objectA 

FIG.  291. 


lying  at  different  distances.  If  wc  look  at  the  object  Ay  the  axes 
of  both  eyes  (the  axis  of  the  eye  is  the  straight  line  connecting  the 
middle  of  the  retina  with  the  central  point  of  the  Icn^  and  the 
pupil)  will  be  directed  towards  A,  and  will  consequently  make 
a  tolerably  large  angle  with  each  other ;  the  image  of  A  appcam 
in  each  eye  upon  the  middle  of  the  retina;  if  now  we  look  at 
the  distant  object  B^  as  represented  in  Fig.  292,  the  angle  of  the 
axes  of  the  eyes  will  be  smaller,  and  the  image  of  B  will  appear  in 
each  eye  in  the  middle  of  the  retina. 

If  we  look  at  A^  as  represented  in    Pig.  291,  the  image  of  B 
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will  lie  to  the  right  of  tlic  middle  of  the  retina  in  the  left  eye,  and 
to  the  left  of  it  in  the  right  eye ;  the  images  b  and  b',  do  not, 
therefore,  lie  in  corresponding  parts  in  both  eyea;  and  this  is 
probably  the  reason  of  the  object  B  being  seen  double.  As  the 
image  b  lieti  to  the  right  of  a  in  the  left  eye,  B  will  appear  to 
be  to  the  left  of  A,  whilst  the  right  eye  sees  the  object  B  to 
the  right  of  .4,  the  image  6*  being  left  of  a\  If  we  have  fixed 
both  eyes  on  the  object  A  in  such  a  manner  that  we  only  see 
it  single,  whilst  B  appears  double,  wc  may  make  the  left  or  right 
image  of  B  disappear,  according  as  we  receive  the  rays  passing 
from  B  upon  the  left  or  right  eye.  If,  on  the  contrary,  we 
see  the  distant  object  B  in  such  u  manner  that  A  apjwurs  duuble, 
as  in  Fig.  292,  the  image  of  A  on  the  right  will  disappear,  if  we 
cover  the  left  eye. 

It  is  not  necessary  that  both  axes  of  the  eye  should  be  exactly 
fixed  upon  an  object  to  enable  ua  to  see  a  single  image  with  both 
eyesj  that  is,  the  image  need  not  fall  in  the  middle  of  the  retina 
in  each  eye,  since  in  that  case  wc  could  only  see  one  object  single, 
while  all  others  would  appear  double.  A  whole  scries  of  objects 
may  at  the  same  time  be  seen  single  with  both  eyes,  if  they 
only  cast  their  image  on  corresponding  parts  of  the  retina  in 
both  eyes.  In  Fig.  293,  L  and  R  represent  the  two  eyes,  A  B 
^j^  293  *^^    ^  three  diifcrcut   i>bjccts  lying 

before  them ;  the  images  of  the 
three  objects  follow  the  same  order 
in  Ijoth  eyes,  that  is  to  say,  the  image 
of  B  lies  in  the  middle,  the  image  of 
C  to  the  left,  and  that  of  A  to  the 
right,  up<»n  the  retina  of  both  eyes ; 
as  the  images  e  and  c'  on  the  retina, 
he  to  the  left  of  b  and  b ,  lx»th  eyes 
sie  the  object  C  to  the  right  of  B; 
111  the  same  manner,  both  eye«  see  the 
object  A  to  the  left  of  B,  as  the 
images  a  and  a'  on  the  retina  arc  to  the  right  of  6  and  b'. 

If  an  object  appears  single  to  both  eyes,  that  is,  if  its  image 
falls  upon  corrrspouding  partu  of  the  retina  in  both  eyes,  wc 
see  it  more  clearly  than  with  one  eye,  and  of  this  wc  may  easily 
convince  oursclvea  by  looking  at  a  strip  of  white  paper,  and  then 
hold  up  a  black  screen  in  such  n  manner  aji  to  conceal  half  the 
paper  from  one  eye,  the  portion  of  paper  seen  sinmltaneously  by 
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both  eyes,  appenra  hif^hcr  than  the  otlirr  luilf  which  is  only  9tm 
by  one  eye. 

The  reason  of  our  being  uble  to  sec  Bingly  with  both  eyes, 
is  probably  to  be  soujfht  in  the  conrse  of  the  various  fibres,  and 
not  as  the  con8».*q«cuce  of  habit.  Mullei",  in  whose  writing* 
much  may  be  found  regarding  the  different  experiments  that  have 
been  made  to  elucidate  this  wonderful  chain  of  causes,  says, 
"  The  eyes  may  he  compared  to  two  branches  with  a  single  root, 
of  which  ever)'  minute  portion  bifurcates  so  as  to  send  a  twig 
to  each  eye." 

Limits  of  visihilUy. — In  order  that  an  object  continue  visible,  it 
is  necessary  that  the  angle  of  vision  under  which  it  ajjpears  shoulcl 
be  within  certain  limits,  dei>ending  very  much  ujjon  the  light  trans- 
mitted by  the  object  and  its  colour,  the  nature  of  the  back-ground, 
and  the  indi\-idual  characteristics  of  the  eye.  To  an  eye  of  ordi- 
nary power,  an  object  is  still  visible  ivith  a  moderate  degree  of 
light  at  an  angle  of  30  seconds,  and  a  light  object,  as  a  silver  wire, 
may  he  seen  on  a  dark  back-ground  under  an  angle  of  vision  of 
2  seconds.  Dark  bodies  may  also  be  veiy  distinctly  seen  on  a 
white  ground,  even  when  they  are  very  minute ;  thus  an  i^e  of 
moderate  power  may  see  a  hair  when  held  against  a  tolerably  clear 
sky  at  a  distance  of  4  or  6  feet. 

Duration  <if  tfte  impression  of  light, — If  wc  describe  a  circle 
rapidly  with  a  burning  coal,  wc  arc  unable  to  distinguish  thr 
coal  itself,  seeing  only  a  fiery  circle.  The  cause  of  this  pheno- 
menon arises  from  the  part  of  the  retina,  atfected  by  an  impression 
of  light,  not  recovering  its  tranquillity  instuntaneously  after  the 
impression  itself  has  ceased;  from  the  same 
reason  we  are  unable  to  di^^tinguish  the  spoken 
of  a  rapidly  revolving  wheel,  and  the  upper 
surface  of  a  top  puinted  with  alternate  scctora 
of  blaek  and  wliite,  as  seen  in  Kig.  29  i,  will 
ai>pftar  gray.  Hut  if  the  top,  after  rotation  in 
the  dark  be  lighted  by  a  Hash  of  lightning,  or  an 
electric  spark,  we  arc  able  clearly  to  distinguish  the  separate 
sectors. 

If  we  make  two  holes  diametrically  opfiositc  to  each  other  in  a 
pasteboard  disc  of  2  or  S  inches  in  diameter,  and  draw  string 
through  them  as  seen  in  Figs.  295  and  29G,  we  may  by  mean* 
of  the  threads  cause  the  disc  to  revolve  so  rapidly  us  to  show 
altematelv  first  the  one  side  and  then  the  other.     If  we  then  make 
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on  one  side  a  black  stripe  iu  the  direction  of  the  two  little  holes, 
and  on  the  other  side  one  at  right  angles  with  them,  wc  shall  see  a 

fio.  295.  no.  296. 
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cross  on  making  tlie  tigurc  revolve  rapidly,  Ixicausc  the  impression 
produced  upon  the  eye  by  the  horizontal  stripe  is  not  obliterated 
when  the  vertical  stripe  becomes  visible.  If  we  paint  a  cage 
on  one  side,  and  a  bird  on  the  other,  the  bird  will  appear  to 
be  within  the  cage  on  making  the  figure  revolve  rapidly. 

A  very  ingcnioua  and  pretty  apparatus  has  been  constructed,  on 

the  principle  of  the  du- 
ration of  the  impression 
of  light,  and  is  called 
the  pheiwkistiscopef  or 
the  maffic  disc.  A 
disc  of  20  to  25 
centimetres  in  dia- 
meter, may  be  put 
into  a  rapid  rotatory 
motion  about  a  hori- 
zontal axis  x;  at  the 
edge  of  which  there 
is  a  succession  of  aper- 
tures at  equal  distances 
from  each  other.  In 
the  maffic  ditc  repre- 
Rcntcd  in  Pig.  297, 
there  are  8  such  aper- 
tures. To  the  circle 
formed  within  these  8 
apertures,  a  smaller  and 
painted  disc  is  fastened, 
on  which  the  same  object  is  represented  in  8  different  positions, 
each  aperture  corresponding  to  a  different  position.  In  our 
figure  a  very  simple  object,  merely  a  pendulum,  has  been  deli- 
neated.    Under  the  opening  1,  the  pendulum  is  represented  as 
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bftving  attained  its  extreme  position  to  the  leftj  nnder  2,  wc 
see  it  nearer  to  its  position  of  equilibrium ;  at  3,  it  has  reached  this 
pointj  &c.  This  apparatus  must  now  be  held  before  a  looking-glass, 
in  such  a  manner  that  its  painted  eide  may  be  turned  towards  the 
glass,  on  which  wc  arc  to  ace  the  rejection  of  the  coloured  disc 
through  one  of  the  openings,  the  upper  one  for  instance.  As  the 
disc  revolves,  one  opening  after  the  other  passes  before  the  eye, 
but  88  the  intenening  spaces  pass  before  us  nothing  will  be  seen. 
If  we  assume  that  at  a  definite  moment,  the  opening  1  passes 
before  the  eye,  we  shall  see  below  it  the  pendulum  in  its  greatest 
deviation  j  the  impression  of  light  received  by  the  eye  at  this 
moment  will  remain  until  the  second  opening  haa  come  before  the* 
eye,  and  now  the  pendulum  will  appear  in  the  same  place  as  when 
seen  in  its  greatest  stage  of  deviation,  but  somewhat  nearer  to  a  post* 
tion  of  equilibrium  ;  the  image  of  this  second  position  will  remain 
in  the  eye  until  that  of  the  third  position  has  come  to  the  same 
point,  and  then  we  shall  see  the  pendulum  in  a  state  of  equilibrium  ; 
the  representations  of  the  pendulum  passing  thus  successively 
before  the  eye,  cause  the  deceptive  impression  that  we  actually  see 
the  pendulum  oscillate.  Instead  of  a  pendulum,  wc  may  choose 
some  other  object,  and  represent  it  in  as  many  different  positions 
as  there  are  apertures,  so  that  each  one  of  the  latter  may 
correspond  to  a  different  position  of  the  object.  The  movements 
of  men  or  animals  may  in  this  manner  he  most  successfully 
given  by  merely  representing  them  in  different  and  successive 
phases. 

As  objects  must  have  a  certain  magnitude  in  order  to  be  percep- 
tible to  the  cyv,  so  must  also  the  impression  of  light  endure  for  an 
appreciable  time  in  order  to  produce  an  impression  upon  the 
retina.  For  this  reason  we  do  not  see  a  verj'  rai)id  body,  as  a 
cannon-ball ;  the  image  of  the  flying  ball  passing  over  the  retina 
with  such  rapidity  as  to  prevent  its  being  perceived  by  any  part 
of  it. 

The  after-effects  produced  upon  the  retina  will  be  stronger,  and 
last  longer  the  more  intense  and  lasting  the  primitive  effect  ia. 
The  after-images  of  light  objects  will  be  light,  and  those  of  dark 
objects  dark,  if  the  eye  be  withdrawn  from  all  subsequent  action  of 
light.  If,  for  instance,  we  look  for  a  length  of  time  continuously 
through  a  window  towards  the  clear  sky,  and  turning  suddenly 
away,  close  the  eye,  we  shall  still  see  the  light  intervening 
spaces  bounded  by  the  dark  window-frames ;  if,  on  the  contrary. 


I 


I 
I 


COLODKBD   8ECQM>4RV    lUAOEB. 


275 


wc  turn  the  eye  towards  a  white  wall,  the  after-image  which 
was  originally  dark  will  appear  light,  and  inversely  ;  thus  we  shall 
the  window -frames  light,   and  the   intervening  spaces  dark. 


Bee 


This  inversion  is  easily  explained :  if  the  eye,  already  dazzled,  be 
turned  towards  the  white  wall,  the  parts  of  the  retina  previously 
affected  by  the  bright  light  will  be  less  sensitive  to  the  white 
light  of  the  white  wall  than  those  parts  on  which  the  image  of  the 
dark  window  frames  has  fallen. 

Coloured  secondary  images. — Our  organs  of  vision  of^cn  expe- 
rience impressions  of  light  not  iuimediately  produced  by  cxterual 
objects,  but  arising  from  a  peculiarly  irritable  condition  of  the 
retina.  Such  colours  are  termed  subjective^  and  also  physiologicttL 
To  these  belong  coloured  secondary  images,  and  the  colours  pro- 
duced by  contrast. 

The  secondary  images,  of  which  wc  have  spoken  in  a  previous 
lecture,  are  always  more  or  less  coloured,  and  this  coloration  is 
deeper  iu  proportion  to  the  intensity  of  the  primitive  impressiou 
of  light  occasioning  the  secondary  image.  If,  for  instance,  we 
look  for  some  time  fixedly  at  a  war  taper,  and,  closing  the  eye,  turn 
towards  a  dork  part  of  the  room,  we  shall  still  seem  to  have  the  Hame 
before  our  eyes,  although  it  changes  its  colour  by  degrees ;  at  first 
it  becomes  quite  yellow,  passing  then  from  orange  to  red,  next 
from  red  through  violet  into  a  greenish  blue,  which  becomes 
darker  until  the  secondary  image  entirely  disappears.  I/,  on 
the  contrary,  we  turn  the  eye  that  has  been  dazsled  by  the 
flame  towards  a  white  wall,  the  colours  of  the  seeondnrj'  image  will 
succeed  each  other  in  an  almost  inverse  urder,  that  is,  we  shall 
at  first  see  a  dark  image  upon  a  light  ground,  becoming  blue, 
green,  and  yellow,  and  finally  blending  with  the  white  ground,  so 
as  to  be  no  longer  distinguishable  from  it  when  the  sccoudar)'  image 
has  quite  disapjiearcd,  that  is,  when  the  retina  has  recovered 
itself.  The  transition  from  one  colour  to  another  begins  at  the 
margin,  and  distributes  itself  graduully  towards  the  middle.  Wc 
may  observe  similar  phenomena  in  the  dazzling  images  of  white 
paper  lying  upon  a  black  ground^  and  lighted  up  by  the 
sun,  &c. 

If  while  the  coloured  secondary  image  still  remains  in  tlie  closed 
eye,  the  eye  is  o[)encd,  and  directed  towards  a  white  wall,  we  shall 
see  upon  the  latter  an  image  complementary  to  the  one  seen 
at  the  same  time  on  closing  the  eye.     If  the  secondary  image 
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were  red  to  the  closed  eye,  on  opening  the  eye,  and  directing  it 
to  a  white  surface,  we  should  see  a  green  image. 

If  we  look  fixedly  for  some  time  at  a  coloured  spot  on  a  whit4 
ground,  wc  shall  sec  a  secondary  image  in  the  completnentairy 
colours;  if  the  spot  were  blue,  the  secondary  image  would  b^ 
yellow ;  if  it  were  red,  the  secondary  image  would  be  green,  &c« 
This  phenomenon  is  caused  by  the  retina  becoming  mom 
indifferent  to  tHe  colour  of  the  object,  and  consct^uently  morq 
sensitire  for  those  colours  contained  in  white  light  which  an 
not  in  the  tints  of  the  object  producing  the  dazzhng  effect. 

The  reason  of  the  retina  becoming  gradually  indifferent 
to  a  colour  by  looking  at  a  strongly  Lighted  object  of  thi 
same  hue  is,  that  the  colour  grows  by  degrees  more  and  morl 
faint  and  uaapparent.  We  can  most  easily  convince  ourselvci 
of  this  in  the  following  manner.  If  after  looking  fixedly  fo« 
a  long  time  at  a  red  sc^uarc  resting  upon  a  white  groundj  wc  turq 
no.  298.  the  eye  somewhat  aside,  bo  that  the  complement 
tary  secondary  image  may  still  fall  partially  upoq 
the  coloured  square,  as  represented  in  Fig.  298, 
we  shall  see  the  free  portion  of  the  Becondar| 
image  green,  whilst  the  portion  of  the  ongina] 
image  which  has  become  free  (that  is,  the  part  send* 
ing  its  rays  to  those  places  on  the  retina  which  had  not  prcvioual] 
been  impressed  by  the  red  light,)  will  appear  to  be  of  a  bright  redj 
where  the  two  squares  touch  each  other,  however,  we  ahal] 
see  a  far  fainter  red,  for  the  rays  passing  from  this  portion  of  the 
objective  red  square  impinge  upon  the  same  parts  of  the  retina  whicli 
have  already  become  less  sensitive  to  the  impression  of  red  light. 

Colours  of  contrast. — A  gray  spot  appears  darker  on  a  white 
surface,  and  lighter  on  a  black  one,  than  if  the  whole  surface  wert 
covered  with  the  same  gray  tint.  The  following  experiment  showl 
this  very  clearly.  If  we  bring  a  narrow  opaque  body,  such  a| 
a  pencil,  for  instance,  between  the  flame  of  a  taper  and  a  whiU 
surface,  we  shall  sec  a  dark  shadow  upon  a  light  ground ;  if  thai 
we  place  a  second  flame  near  the  first,  wc  shall  see  two  dail 
shadows  upon  the  light  ground  j  but  yet  each  one  of  theii 
shadows  is  as  strongly  illumined  by  the  flame  as  the  whole  sur&a 
was  before,  although  wc  considered  the  surface  previously  to  b| 
light,  while  the  shadow  appears  now  to  be  dark :  this  experiiueoi 
abowB  the  important  effect  produced  by  contrast. 

The  phenomena  of  contrast  are  still  more  striking  in  considerinj 
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coloured  objects,  in  which  we  often  see  complementary  tints  which 
were  not  objectively  before  present. 

When  wc  lay  a  narrow  gray  strip  of  paper  upon  light  green 
paper,  it  will  appear  reddish ;  while  if  we  lay  it  upon  blue  paper, 
it  will  appear  to  be  yellow ;  in  short,  it  will  always  be  comple- 
mentary to  the  colour  of  the  ground.  This  experiment  is  very 
clearly  seen  if  we  glue  a  strip  of  white  paper  of  about  1  milli- 
metre in  width  to  a  plate  of  coloured  glass,  and  then  luck  through 
it  towards  Bomc  white  surface^  as  a  sheet  of  white  paper,  or  also, 
if  we  entirely  cover  one  side  of  the  frlass  with  thin  paper,  and 
fastening  the  narrow  stri]n  to  the  other  side,  hold  the  glass  before 
the  flame  of  a  taper;  the  strip  will  then  appear  complementary  to 
the  colour  of  the  glass,  consequently  red  upon  a  green  glass,  and 
blue  upon  a  yellow  glass,  &c. 

We  must  here  include  the  coloured  shadows  which  appear  when 
a  narrow  body  throws  a  shadow,  or  coloured  light,  and  when  this 
shadow  is  illuminated  by  white  light.  Such  shadows  as  these 
are  most  cai^ily  obtained  in  the  following  manner  :  if  we  let  rays 
of  tight  fall  through  a  coloured  glass  upon  a  white  surface,  for 
instance,  a  piece  of  white  paper,  so  that  it  may  appear  coloured, 
and  if  we  receive  upon  any  spot,  by  means  of  a  narrow  body,  the 
coloured  rays  lighting  the  paper,  wc  shall  obtain  a  narrow  shadow, 
only  lighted  up  by  the  white  daylight  distributed  around;  the 
shadow  will  appear  complementary  to  the  colour  of  the  ground ;  if 
a  red  glass  be  used,  the  shadow  will  be  green;  if  a  yellow  one  be 
used,  the  shadow  will  appear  blue,  &c.  The  colours  of  these 
shadows  are  purely  subjective. 

Wc  often  observe  coloured  shadows  which  are  really  objectively 
rari^ated ;  they  arise  where  a  body  casts  two  shadows  by  double 
illumination,  and  where  the  sources  of  light  are  of  various  colours, 
as  in  that  case  each  shadow  is  iiluminated  by  light  of  different 
coloxu-s.  Such  coloured  shadows  arise  when  the  bluish  light  of 
the  sky  falls  at  twihght  into  a  room  where  a  candle  is  buniing ; 
thus,  if  wc  bold  a  rod  in  such  a  manner  that  it  shall  cast  one 
shadow  in  the  candlelight,  and  another  in  the  daylight,  upon  a  white 
surface,  we  shall  obtain  one  blue  and  one  yellow  shadow ;  the  one 
being  illuminated  only  by  the  bluish  daylight,  and  the  other 
by  the  yellowish  flame ;  in  this  case  also,  contrast  may  exercise 
a  great  iuflueiice  upon  the  intensity  of  the  phenomenon  of  colora- 
tion,  and,  consequently,  a  partially  objective  and  a  partially  subjective 
origin  may  be  ascribed  to  the  appearance. 
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The  phenomena  of  coloured  nebuloua  images  may  be  cxplainctl 
by  the  eircuuiBtancethat  when  a  iwrtion  of  the  retina  is  affected  by 
coloured  lights  this  direct  effect  re-acts  upon  the  neighbouring 
parts  of  the  retina  iu  »uch  a  manner,  that  they  are  converted  into 
some  of  the  colours  complementary  to  the  primitive  impression. 

This  combination  of  mutually  complementary  colours  produces 
an  agreeable  impression  ui>on  the  eye,  as  may  be  easily  understood, 
if  we  consider  that  when  any  portion  of  the  retina  is  affected  by 
any  ouc  colour,  it  will  manifest  an  effort  to  call  forth  the  con- 
trasting colour  on  the  neighboimng  parts.  Every  combination 
of  colours,  not  complementary  to  each  other,  is  on  the  contrary 
inharmonious,  producing  an  impression  which  will  be  more 
disagreeable  the  more  intense  the  colours  are ;  combinations  of 
this  kind  are  scud  to  be  glaring  and  repulsive :  thus,  for  instance, 
while  a  green  uniform  faced  with  crimson  will  produce  an  agree- 
able impression,  a  red  uniform  faced  with  yeUow  will  be  uuiver- 
sally  condemned  as  deficient  in  good  taste. 

The  Camera  Obscura. — This  apparatus  invented  by  the  Nea|K>- 
litan,  PortOi  iu  the  middle  of  the  seventeenth  century,  consists 
essentially  of  a  convergent  lens  of  somewhat  considerable  focal 
length,  by  which  the  image  of  remote  objects,  as  of  a  landscape,  is 
depicted;  iu  order  to  heighten  the  effect  as  much  as  possible,  it  is 
ne<%8sary  to  exclude  carefully  from  the  plane  on  which  the  images 
are  thrown  all  lateral  light ;  the  image  must,  therefore,  be  received 
in  a  dark  chamber. 

The  forms  most  commonly 
given  to  the  Camera  Obscura, 
are  represented  in  Figs.  299  and 
300.  Fig.  299  is  a  box  having 
a  projection  a  b  c  d,\n  which  a 
convergent  lens  Ac  is  inserted; 
the  rays  entering  the  dark  box 
through  this  lens  are  reflected  upwards  by  a  glass  plane  inclined 
at  an  angle  4^^  towards  the  axis  of  the  lens,  and  so  arranged  that 
the  image  of  a  distant  object  at «  k  can  be  received  upon  a  ground 
glass  plate.  The  cover  g  h  serves  to  exclude  as  much  as  possible 
all  extraneous  light  from  the  image.  If  the  ground  side  of  the 
glass  be  turned  upwards,  we  may  trace  upon  it  with  a  pencil  the 
outline  of  the  image  arising  at  i  k,  and  thus  obtain  a  drawing  of 
the  objects  true  to  nature. 

Fig.  300  represents  a  somewhat  hollow  box,  at  the  bottom  of 
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which  a  sheet  of  white  paper  is  laid ;  through  the  npper  surface 

of  the  box  there  passes  a  tuhe  containing  the  convergeut  lens, 

no.  300.  °^^^  which  there  is  a  plane  mirror  inclined 

at   an   angle  of  '15^  towards    the    vertical. 

.^  fljg    j.gyg    coming    from    tlie    object    are 

■.-^-^A  reflected   downward    from   the    mirror,   so 

that  the  image  is  formed  on  the  surface  of 

the  paper.   This  image  is  very  bright,  owing 

to  all  the  lateral  light  having  been  excluded 

by  the  walls  of  the  box,   by  whicb  means 

we  are  easily  enabled  to  trace  the  outlines 

of  this  image  with  a  pencil. 

The  beauty  of  the  images  dqiicted  in  a 
Camera  Obscwa  has  excited  the  deaire,  if 
poesible,  of  permanently  fixing  them,  and 
although  most  persons  have  n^garded  tbis  object  as  impracticable, 
thci-e  are  still  sonic  who  have  made  the  attempt.  Since  light 
produces  chemical  actions,  as,  for  instance,  blackens  chloride  of 
wlvcr,  there  appears  at  any  rate  to  be  a  possibility  of  procuring 
permanent  impressions  of  the  images  formed  in  the  Camera  Obscura. 
We  will  presently  proceed  to  discuss  the  discovery  of  DaguerrCf 
which  ii'SB  essentially  that  of  perpetuating  in  a  most  wondexful 
manner  the  images  of  the  Camera  Obscura, 

The  most  advantageous  construction  of  the  Camera  Obscura 
toT  the  Daguerrotype  pictures,  is  that  given  to  it  by  Voigt- 
liinder,  of  Vienna,  to  this  apparatus.  The  lens  used  by  him  is  a 
combination  of  crown-flint  glass  lenses,  in  which  the  images  are 
much  more  sharply  defined  than  in  the  common  achromatic 
lens. 

Tltf  magnifyirnj  tens  or  simple  microscope. — We  have  already  seen 
that  the  apparent  magnitude  of  an  object  depends  upon  that  of  the 
angle  of  vision  under  which  it  is  seen ;  the  angle  of  vision  increases 
in  amount  in  proportion  as  the  object  is  brought  nearer  to  the  eycj 
but  we  oidy  bring  it  within  certain  limits,  that  is,  within  the  distance 
of  distinct  vision  from  the  unaided  eye,  when  we  would  distinguish 
the  outlines  and  the  separate  parts;  and  consequently  the  magnitude 
of  tbe  angle  of  vision  is  circumscribed.  Every  instrument  admitting 
of  a  further  enlargement  of  the  angle  of  nsion  for  small  conti- 
guous objects  than  the  naked  eye  allows  of,  is  called  a  microscope. 
According  to  this  explanation,  the  opening  in  the  card  described 
above,  is  a  microscope,  that  is  a  sin^U  microscope,  although  by 


this  term,  we  generally  only  desigaate  convex  lenses  of  small  focal 
length. 

In  order  to  understand  how  a  simple  convex  lens  can  serve  as 
a  microscope,   we  must  look  at  Fig.  301.     If   V  Whe  a  convex 
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lens,  and  A  B  &Ji  object  lymg  within  the  focal  length  of  the  glass, 
then  all  the  rays,  passing  from  a  point  of  the  object  A  B,  will 
diverge  after  their  passage  through  the  lens,  exactly  as  if  they 
came  from  the  corresponding  point  of  the  image  a  £  as  we  have 
already  shown ;  an  eye  behind  the  lens  will  be  able  to  see  the 
object  distinctly  through  the  lens,  if  the  image  a  6  be  at  the 
distance  of  distinct  vision ;  in  this  casCj  however,  the  object  being 
much  nearer  to  the  eye,  wc  should  consequently  be  uuable 
to  see  it  without  the  lens.  The  magnifying  power  of  the  lens 
depends,  therefore,  essentially  upon  the  means  it  gives  us  of  bringing 
the  object  very  near  to  the  eycj  and  thus  naturally  increasing  the 
angle  of  vision.  To  determine  the  magnifying  power  produced  by 
the  lens,  we  must  compare  the  magnitude  of  the  angle  of  vision, 
under  which  the  image  a  b  apjiears  to  the  eye  when  lying  at  the 
distance  of  distinct  vision,  with  that  of  the  angle  of  \iaion  under 
which  the  object  itself  would  appear  if  it  were  just  so  far  removed 
from  the  eye. 

The  angle  under  which  a  b  appears,  can  only  be  ascertained  if  the 
distance  of  the  glass  from  the  point  of  intersection  in  the  eye  be 
known  ;  but  as  we  hold  the  eye  close  to  the  glass,  the  thickness 
of  which  is  inconsiderable,  we  may,  without  any  marked  error, 
assume  that  the  point  of  intersection  coincides  with  the  central 
point  o  of  the  lens;  and  under  this  supposition  the  maguifying 
power  is  easily  calculated. 
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Seen  from  0,  the  object  A  B  and  the  image  a  b  appear  under  an 
equal  angle  of  vimon,  we  therefore  tind  how  much  it  U  magnified 
if  we  compare  the  angle  of  vision  under  which  A  B  appears  with 
that  under  which  the  same  object  would  appear  if  removed  from  O 
to  the  diatance  of  distinct  vision,  that  is,  to  the  position  of  the  image 
a  A.  As  the  apparent  siie  of  an  object  is  inveraely  proportionate 
to  its  distance  from  the  eye,  ao  is  the  angle  of  vision  A  O  B  to 
the  angle  under  which  A  B  would  appear  if  seen  from  O,  if  this 
object  were  removed  to  a  6,  or  inversely,  as  the  distance  of  the 
object  A  B,  and  of  the  image  a  b  from  O.  If  we  designate  as  d, 
the  distance  of  the  image  from  O,  and  the  distance  of  the  object 

A  B  from  the  eye  aa  x,  the  magnifying  power  will  be  -,  ^  being 

the  distance  of  distinct  vision. 

If  we  were  to  assume  what  certainly  is  not  the  case,  that  the 
unage  is  within  the  distance  of  distinct  visioni  and  the  object  in 

the  focus  of  the   lens,  the   magnifying    power   would    be    j, 

if  /  represent  the  focal  length  of  the  glass.     This  expression  -r 

doc«  not  certainly  give  us  the  true  value,  but  it  enables  us  to 
approximate  to  a  correct  catimate  of  the  magnifying  power  of  the 
lens. 

If  the  image  a  6  were  at  the  distance  d,  the  object  would  be 
within  the  focal  distance;  x  is  therefore  in  every  case  smaller  thau 
/;  the  true  value  of  the  magnifying  power  is,  therefore,  at  all  events 

somewhat  greater  than  -y-. 

If,  for  instance,  thn  distance  of  distinct  vision  be  10  inches,  and 
the  focal  length  of  the  lens  2  inches,  the  magnifying  power  will 

Btill  be  somewhat  more  than  -^f  that  is,  rather  more  than  6. 

The  smaller  the  value  of/,  the  less  will  be  the  focal  distance  of  the 
lens ;  the  leas  also  will  be  the  value  of  x  in  proportion  to  the  great- 
ness of  the  valnc  of  — ,  and,  consequently,  the  greater  will  be  the 

magniiying  power.  A  lens  of  small  focal  distance  magnifies  more 
strongly  than  one  of  greater  focal  distance. 

The  Solar  Microscope. — ^This  instrument,  the  action  of  which 
belongs  to  the  most  interesting  and  instructive  in  optics,  consists 
of  a  syatem  of  glasses  serving  to  illuminate  objects,  and  of  a 


a- 


ted 


Hystem  of  lenses  of  short  focal  distances  giving  a  convergent  image 
of  the  ubjccts. 

The  mirror  m,  Fig.  302,  reflects  the  solar  light  along  the  tube  t, 
parallel  with  its  axis.  The  lens  t  r  makes  the  rays  somewhat 
convergent,  a  second  Icuh  /  increases  this  convergence  still  more, 
so  that  the  rays  are  united  at  a  focus,  which  is  very  near  to 
the  object  under  CKamination.  In  order  that  this  may  alwttys 
be  rendered  possible,  the  Icus  must  be  made  moveable;  tfaia 
motion  is  imparted  by  a  screw,  the  knob  of  which  is  outside  the 
tube  and  let  into  a  little  notched  rod  fastened  to  the  setting  of  the 
lens. 

The  objects  secured  between  or  upon  glass  plates,  are  bronght 
between  the  metal  plates  p'  and  q.  As  the  plate  g  is  pressed  by 
springs  against  p',  the  objects  arc  held  by  this  pressure,  and  thua , 
prevented  from  slipping. 

If  the  object  be  properly  adjusted  and  illumined,  it  is  easy  to 
obtain  an  enlarged  image  of  it.  For  this  pur]>ose  we  make  use 
of  the  achromatic  lens  /,  which  is  really  the  objcct-Iens.  A  notched 
rod  is  fastened  to  the  setting  of  this  lens,  in  which  a  slide  u\ 
inserted,  by  which  the  lens  /  may  be  moved  at  will.  We  now 
adjust  the  lens  at  the  proper  distance  from  the  object^  until  we 
have  obtained  a  sharp,  clear  image  upon  a  white  wallj  a  piece  of 
linen,  or  a  paper  screen,  at  a  distance  of  10,  15  or  20  feet.  As 
an  actual  image  is  formed  here,  it  necessarily  follows  that  the 
object  must  be  at  the  other  aide  of  the  focus  of  the  lens  /.  We 
may  calculate  the  magnifying  power,  by  dividing  the  distance 
of  the  object  fn)m  the  lens  by  the  distance  of  the  image  from  it. 
If,  however,  we  want  to  observe  directly  the  amount  of  the  magni- 
fying power,  we  must  make  use  of  a  glass  micrometer,  the 
magnitude  of  whose  divisions  is  known,  and  then  measure  the 
8t£e  of  the  divisions  in  the  image. 
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Similar  microscopes  have  also  been  constnicted  in  which  the 
light  of  the  sun  is  replaced  by  artificial  light,  as,  for  instance, 
by  the  light  of  a  ball  of  lime  (Drummond's  Hght)  ignited 
by  the  oxy-hydrogen  blow-pipe,  or  by  the  light  of  a  lamp  of 
great  illuminating  power.  The  magnifying  power  will  be  amall 
in  proportion  to  the  smallucss  of  the  illuminating  power  of  the 
lamp. 

The  Maffic  Lantern  fhtema  imr^Vo;  depends  upon  similar  princi- 
ples, the  only  difference  being  that  the  objects  arc  painted  in  large 
dimensions  ujwn  glass,  and  are  lighted  by  a  lamp  allowing  at 
moat  of  15  to  20-fold  magnif\-ing  power. 

7%#  Compound  Microscope. — The  principles  on  which  the  con- 
stnietion  of  all  microscopes  depend,  however  different  in  their 
arrangements,  are  the  following  : 

1.  The  objects  to  be  subjected  to  experiment,  are  placed  near  a 
convex  lens  A,  of  short  focal  distance,  and  somewhat  be\'ond  the 
focus.  This  lens  is  called  the  object  ylass,  whether  it  be  simple  or 
compound,  achromatic  or  not  achromatie. 

2.  The  actual  and  magnified  images, 
thrown  by  the  objects  through  the 
object-glnfts,  are  seen  through  a  convex 
lens  c,  which  senes  here  aa  a  micro- 
scope; this  second  lens  is  called  the 
ocuior  or  eyc'tflass  of  the  microscope, 
whether  it  be  simple  or  compound, 
achromatic  or  not  achromatic. 

Thus  every  dioptric  microscope  is 
essentially  composed  of  an  object- 
glass,  and  an  eye-glass;  andthc  magni- 
fSnng  power  of  the  microscope  is  the 
product  of  the  maguifyitig  powers 
produced  by  these  glasses.  If,  for 
instance,  the  object-glass  magnified  5 
tinted,  and  the  eyc-glasa  10  times,  such 
a  microscope  would  consequently  mag- 
nify the  diameter  of  objects  50  times, 
and  these  surfaces  2500.  We  should  obtain  a  linear  power  of 
1000,  and  a  superficial  power  of  1,000,000  if  the  magnifying 
powers  of  the  object-glass  and  the  eye-glass  were  respectively  100 
and  10,  or  50  and  20,  or  40  and  25,  &c. 
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Hie  reflecting  Telescope. — We  apply  the  term  Telescope,  to  all 
iustrumcuts  serving  to  show  dlstaQt  objects  magnified.  It  con* 
aiats  of  a  concave  mirror  or  a  converging  lens,  by  which  an 
image  of  distant  objects  is  produced,  which  is  seen  through  a 
simple  or  compomid  eye-glass,  or  eye-piece.  If  the  image  be 
reflected  by  a  concave  mirror,  we  term  the  instrument  a  reflecting 
telescope.  Its  most  important  part  is  a  concave  mirror  of  metal 
tm^ed  towards  the  object,  of  which  an  inverted  image  is  produced 
in  accordance  with  the  laws  wc  have  already  treated  of.  Different 
telescopes  vary  only  in  the  manner  in  which  this  image  19 
observed. 

The  most  common  arrangement  adopted  in  the  construction  of 
these  telescopes  is  represented  in  Fig.  304.     The  concave  mirror 
,,g  3(j^  m  m'  has  a  circular  aper- ' 

lure  e  e'  in  its  centi«;  the^ 
incident    rays   are    so    re- 
flected that  a  real  inverted  * 
image  of  distant  objects  i» 
formed  at  1  i' ;  this  image 
is  now  within  the  focal   distance  of  the  small  concave  mirror  v, , 
by  which  an  upright  image  of  the  inverted  image  1  i'  is  formed 
before  the  eye-glass.      The  eye-glass  is  composed  here  as  in  the 
microscope,  of  two  lenses.     The  Urst  causes  the  rays  passing  from 
the  mirror  v  to  be  more  convergent,  and  consequently  moves  the 
image  n  n'  somewhat  nearer  to  the  mirror  v,  than  would  be  the 
case  if  it  were  not  for  this  lens ;  the  image  n  «'  is  now  seen  through 
the  lens  immediately  before  the  eye. 

The  mirror  v  must  be  removed  irom,  or  drawn  nearer  to  the 
eye-glass,  in  proportion  to  the  greater  or  smaller  distance  of  the 
objects  to  be  obacn'cd ;  this  is  eflFected  by  the  screw  6  ». 

Refracting  Telescopes. — In  some  telescopes,  a  converging  lens 
is  used  iu  the  place  of  the  concave  mirror.  An  Bchromatic  lena 
should  be  chosen^  in  order  that  the  image  of  distant  objects  thrown 
upon  the  object-glass  may  be  clear  and  sharply  defined;  such  an 
object-glass  must,  therefore,  always  be  composed  of  two  unequally 
dispersive  substances ;  two  lenses  being  generally  used  that  are 
in  immediate  contact,  as  wc  have  already  described ;  but  in 
diaUthic  telescopes,  the  achromatising  flint-glass  lens  is  removed 
further  from  the  front  crown-glass  lens,  and  brought  nearer  to  the 
ocular,  so  that  the  former  may  have  a  smaller  diameter.     Telea- 
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enpes  differ  in  the  various  arrangements  of  the  ocular.  In 
Galileo's  telescope,  the  ocular  consists  of  a  simple  bicouc&ve  lens ; 
the  ocular  of  the  night,  or  astronomical  telescope,  has  one  or  two 
converg;ing  lenses  ;  while  the  terrestrial  telescope  has  four. 

The    arrangement    of    Galileo's    telescope    is    represented    in 
Fig.  305.      K  H^is  the  object-glass,  which  would  produce  a  dimi- 
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nishcd  inverted  image  at  a  6,  if  the  rays  were  not  already  received 
by  the  concave  glass  X  Z.  Bat  now  the  eye-glass  is  so  placed  that 
the  distance  of  the  image  a  6,  is  somewhat  greater  than  the  dis- 
persive distance  of  the  concave  lens ;  consequently,  all  rays  con- 
verging towards  one  point  of  the  image  a  A,  are  so  refracted  by 
the  concave  lens  that  after  their  passage  through  it,  they  divergo 
as  much  as  if  they  came  from  a  point  before  the  glass ;  the  rays 
converging  towards  b  diverge,  therefore,  as  if  they  came  from  B ; 
and  those  converging  towards  a,  as  if  they  came  from  A ;  we  thus 
see  the  erect  magnified  image  A  B  through  the  telescope. 

It  is  easy  to  calculate  the  magnifying  power  of  this  kind  of 
telescope,  if  we  know  the  focal  distance  of  the  object-glass  and  the 
amount  of  dispersion  of  the  eye-glass.  The  angle  under  which 
the  object  would  appear  without  the  telescope  is  equal  to  the  angle 
under  which  the  image  a  b  appears  when  seen  from  the  focus  of  the 
object-glass,  and  is  consequently  equal  to  the  angle  b  p  a  ;  if  we 
suppose  the  eye  removed  to  the  focus  o  of  the  eye-glaas,  the  object 
seen  thrx)ugh  the  telescope  will  appear  under  the  angle  Ao  B, 
which  is  equal  to  the  angle  boa;  in  order,  therefore,  to  deter- 
mine bow  many  times  a  telescope  magnifies,  we  have  only  to  deter- 
mine how  many  times  the  angle  b  o  au  greater  than  the  angle 
b  p  a. 

The  distance  of  the  image  a  b  from  the  object-glass  is  equal  to 
the  focal  distance /of  the  latter,  if  the  object  be  very  far  removed; 
but  the  distance  of  the  image  a  b  from  the  ocular,  is  not  percep- 
tibly larger  than  the  dispersive  distance  f  of  this  glass,  and  we 
may^  therefore,  w^ithout  any  serious  error  consider  the  distance  of 


If  we  consider  the  angle  b  p  a,  under  which  the  object  appean 
without  a  telescope,  as  =  1,  we  shall  have  boa,  the  angle  andcr 

which  it  will  be  seen  in  the  telescope  —  ^^ ;  that  ia,  we  shall  find 

the  magnifying  power  by  dividing  the  focal  distance  of  the  object^ 
glass  by  the  dispersive  (or  focal)  distance  of  the  eye-glass :  the 
magnifying  power  increases,  therefore,  directly  with  the  augmen- 
tation of  the  focal  distance  of  the  object-glass,  and  inversely  with 
the  dispersive  (or  focal)  distance  of  the  eye-glass. 

The  distance  of  the  two  glasses  is  evidently  very  nearly  equal 
to  /  —  f :  if,  therefore,  we  join  different  eye-glasses  to  the  same 
object-glass,  the  distance  of  the  two  glasses  must  be  greater  in 
proportion  to  the  shortness  of  the  focal  length  of  the  cye-glaas,  and 
therefore  to  the  increase  of  the  magnifjing  power. 

In  astronomical  telescopes  the  image  of  the  object-glass  is  actually 
formed,  and  is  seen  through  a  simple  or  compound  lens,  as 
represented   in  Fig,  306 ;  a  A  is  an  inverted  image,  formed   by 
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the  object-glass  V  W,  of  an  object  which  is  cjtarained  by  the 
lens  X  Z,  and  appears  magnified  at  A  H. 

The  magnifying  power  of  such  a  telescope  can  easily  be  cal- 
culated, if  we  know  the  focal  length  of  the  object-glass  and  the 
eye-glass,  for  the  angle  of  vision  under  which  the  object  appears 
to  the  naked  eye  is  equal  to  the  angle  under  which  the  image  a  b 
is  seen  from  the  middle  of  the  object-glass  V  IV ;  but  it  appears 
through  the  telescope  under  the  same  angle  as  the  image  b  a,  seen 
from  the  middle  of  the  eye-glass  X  Z ;  but  the  one  of  these  angles 
is  to  the  other  inversely  as  the  distance  of  the  image  a  b  from 
the  object-gUna  to  the  distance  from  the  eye-glass;  and  the  image  is 
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at  tlie  focal  distance/  from  the  object-glass,  and  at  the  distance^ 
from  the  eye-glass,  if  we  designate  the  focal  distance  of  tlie  ej'e- 
glass  by  f  ;  the  angle  of  vision  under  which  the  distant  object 
appears  when  seen  thi-ough  the  telescope,  is  to  the  angle  of  vision 
under  which  it  is  seen  by  the  naked  eye  aa  /  to  /* ;  the  magnify- 
ing power  of  the  telescope  is  therefore  -4;. 

The  length  of  the  telescope  is  /  -f  / ;  that  is,  it  ia  equal  to  the 
sum  of  the  focal  distances  of  both  glasses. 

In  general  a  combination  of  two  lenses  is  made  use  of  instead 
of  one  simple  lena  for  the  eye-glass.  The  compound  eye-pieces  of 
astronomical  telescopes  are  either  arranged  precisely  like  the 
compound  eye-pieces  of  the  microscope — in  which  case  the  image 
is  formed  between  the  two  glasses  of  the  eye-piece — or  the  two 
lenses  are  placed  near  to  each  other,  so  that  the  image  is  formed 
before  the  eye-piece,  and  is  seen  through  both  lenses  as  through 
one  single  strong  one. 

It  is  evident  that  we  see  the  objects  inverted  through  an  astro- 
nomical telescope,  for  an  inverted  image  of  the  distant  object 
is  formed  upon  the  object-glass,  and  from  being  seen  through 
a  simple  magnifying  glass  docs  not  again  appear  erect. 

The  clearness  of  the  image  depends  upon  the  aperture  of  the 
object-glaas,  and  the  extent  of  the  field  of  view  upon  the  eye-glass. 

In  order  to  be  able  to  bring  the  objects  to  be  observed  within 
the  field  of  view  of  astronomical  telescopes,  a  cross  wire  must  be 
apphed,  exactly  at  the  spot  where  the  image  of  the  object  appears 
through  the  object-glass. 

Although  it  ia  inexpedient  in  looking  at  terrestrial  objects  to  see 
everything  inverted,  it  matters  but  httlc  in  astronomical  observa- 
tions, or  in  making  measurements.  In  order  to  see  objects 
cre^t  when  they  arc  very  strongly  magnified,  the  e)'c-glas8  of 
the  astronomical  telescope  ia  replaced  by  a  tube  containing 
four  convex  lenses,  and  we  thus  obtain  the  ierreitrial  telescope* 
The  four  lenses  in  the  cyc-piece  form,  in  some  degree,  a  magnify- 
ing compound  microscope  of  inconsiderable  power,  by  which  the 
inverted  image  is  made  to  appear  erect.  The  two  anterior 
glasses  in  the  eye-piece  form,  in  some  respects,  the  object- 
glass  of  this  microscope,  while  the  two  others  constitute  the 
eye-glass. 

The  magnifying  powers  of  the  Galilean  and  the  astronomical 
telescopes  may   be  calculated,  as  we  have  already  seen,  by  the 
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focal  distanccB  of  the  glasses ;  but  as  this  focal  distance  haa  first 
to  be  ascertained,  it  is  better  to  dctenmue  the  amount  of  magnify- 
ing power  by  immediate  experiment.  This  may  be  simply  done 
in  the  following  manner :  we  place  at  some  distance  from  the 
telescope  a  graduated  staff,  such  as  is  used  in  measuring  l&ndj 
and  while  we  keep  one  eye  directed  to  thisj  we  look  through  the 
telescope  at  the  same  time  with  the  other  j  we  thus  observe  how 
many  divisions  of  the  graduated  staff  seen  by  the  nalud  eye 
fall  upon  one  of  the  degrees  magnified  by  the  telescope,  and 
consequently  obtain  the  value  of  the  magnifying  power.  The  rows 
of  tiles  of  a  roof  will  answer  a  similar  purpose  to  that  of  the 
graduated  staff. 

Formerly  dioptric  telescopes  were  very  imperfect,  as  achromatic 
object-glasses  had  not  then  been  apphed  in  practice  ;  and  on  that 
account  a  concave  mirror  was  made  use  of  instead  of  the  object- 
lens,  and  thus  arose  the  reflecting  telescope. 


CHAPTER  V. 


PHXNOM£NA    OP    INTERFERXNCB. 


Two  different  hypotheses  have  been  advanced  to  explain  the 
different  phenomena  of  hght,  namely,  the  theory  of  Emission,  or 
Corjpuscular  theory,  and  the  theory  of  Vibration,  or  Unduiaiory 
theory. 

The  theory  of  emission  assumes  that  there  is  a  peculiar  substanee 
of  light,  and  that  a  luminous  body  transmits  particles  of  this 
fine  substance  in  all  directions  with  such  velocity,  that  a  particle 
of  light  travels  from  the  sun  to  the  earth  in  8  minutes  13  seconds. 
This  substance  of  light  must  necessarily  be  extremely  attenuated, 
and  not  subject  to  the  action  of  gravity,  consequently  it  must  be 
considered  as  imponderable.  The  difference  of  the  colours  of  Hght 
rests  upon  the  difference  of  the  velocity  of  transmission ;  reflection 
is,  therefore,  according  to  this  view,  analogous  to  the  rebounding 
of  elastic  bodies.  To  explain  refraction  according  to  this  theory, 
we  must  assume,  1.  That  there  arc  in  transparent  bodies  inter- 
stices sufficiently  large  to  allow  of  the  passage  of  particles  of 
light ;  and  2.  That  ponderable  molecules  exert  an  attractive 
influence  on  the  particles  of  light,  and  that  this  combined  with 
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the  Telocity  attained   by   the  particles  of  light,   occaaiona   their 
deviation  from  their  direct  course. 

The  theory  of  Vibration  assiunea,  that  light  is  propagated  by 
the  vibrations  of  an  imponderable  matter  termed  ether.  According 
to  this  theoryj  light  is  somewhat  similar  to  sound ;  soundj  however, 
is  transmitted  by  the  vibrations  of  a  ponderable  substance,  while 
light  is  propagated  by  the  vibrations  of  an  imponderable  one — 
ether.  This  ether  fills  the  whole  universe,  since  light  penetrates 
the  spaces  of  heaven.  This  imponderable  substance  is  not  only 
distributed  through  the  otherwise  vacant  space  separating  the 
stars,  but  it  penetrates  all  bodies,  filling  up  the  interstices  occur- 
ring between  jionderable  atoms.  If  the  ether  were  in  a  state  of  rest 
throughout  the  whole  universe,  there  would  everywhere  be  dark- 
ness ;  but  put  into  vibration,  as  it  were,  at  one  spot,  the  waves  of 
light  arc  propagated  in  all  directions,  as  the  vibrations  of  a  chord 
are  trausnittted  through  a  calm  atmosphere.  Light  which  first 
ariaes  from  motion  is,  therefore,  to  be  distinguished  from  the  ether 
itself,  as  the  vibratory  motion  producing  sound  is  to  be  distinguished 
from  the  vibrating  particles  of  ponderable  matter. 

For  a  long  time  both  theories  numbered  adherents  amongst 
eminent  men  of  science.  Newton  established  the  theory  of  emana- 
tion, and  Huyghens  may  be  considered  us  the  founder  of  the  theory 
of  undulation.  The  fundamental  study  of  the  phenomena  of  light, 
which  we  are  about  to  treat  of,  has  afforded  a  decided  triumph 
to  the  theory  of  undulation,  for  these  phenomena  admit  of  a 
very  simple  explanation  by  the  hypothesis  of  air-waves,  but  not 
so  by  the  theory  of  emission. 

Elements  of  the  theory  of  Undulation^ — The  particles  of  a  lumi- 
nous body  vibrate  in  a  manner  similar  to  those  of  sonorous  bodies, 
only  the  undulations  of  light  arc  infinitely  more  rapid  than  those 
of  sound ;  they  arc  not,  however,  transmitted  by  ponderable 
matter,  but  by  the  luminous  ether. 

If  a  ray  of  light  be  transmitted  in  the  direction  from  AtoB, 
Fig.  307,  all  the  particles  of  ether  lying  in  a  condition  of  equili- 
brium, upon  the  straight  line  A  B,  vibrate  in  directions  at  right 

Fio.  307. 
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angles  to  A  B,  in  almost  the  same  way  as  do  the  parts  of  a  tense 
line,  sharply  struck  at  one  cud.  Tlic  curve  in  Fij;;.  307  reprcacula 
the  mutual  position  of  the  vibrating  molecules  in  a  definite  moment 
of  their  motion. 

Let  us  now  consider  the  vibrations  of  a  molecule  of  ether  some- 
what more  closely.  The  particle  whose  position  of  equilibrium  is 
at  b,  vibrates  continually  between  the  points  b'  and  6".  At  h*  its 
velocity  is  null ;  the  more,  however,  the  particle  approaches  the 
position  of  equilibrium,  the  more  its  velocity  increases,  until  this 
attains  its  maximum  at  the  moment  in  which  the  molecule  passL-s 
its  position  of  equilibrium ;  &om  this  time,  the  velocity  again 
diminishes  until  it  is  again  null  at  b",  on  which  the  motion  bcgint 
in  an  opposite  direction. 

Although  light  travels  with  extraordinary  rapidity,  its  trans- 
mission is  not  instantaneous ;  the  vibrations  of  a  molecule  of  ether 
are  not,  therefore,  instantaneously  transmitted  in  the  direction  of 
the  ray  to  the  succeeding  molecules.  Let  us  sujijiose  the  whole 
series  of  molecules  on  the  line  A  B  to  he  at  rest.  If  now  the 
molecule  b  begin  its  vibrations  at  a  definite  moment,  all  the  other 
molecules  lying  further  bej'ond  B  will  begin  to  vibrate  later  in 
proportion  as  they  are  removed  from  b ;  whilst  the  molecule  b 
makes  a  perfect  vibration,  that  is,  whilst  it  moves  from  b'  to  b" 
and  back  again  towards  b%  motion  will  he  transmitted  to  some  one 
molecule,  as  e,  so  that  the  latter  will  begin  its  fresh  ^nbration  at 
the  same  moment  in  which  b  begins  its  second  motion.  From  this 
time,  the  molecules  b  and  c  will  constantly  be  in  the  same  phase 
of  vibration,  that  is,  they  will  simultaneously  pass  the  position  of 
equilibrium  moving  towards  the  same  side,  and  will  simultaneoualy 
attain  the  maximum  of  deviation  on  either  side  of  A  B. 

The  distance  b  c  between  two  molecules  of  ether  constantly  in 
the  same  phase  of  nbration,  is  termed,  as  we  have  already  aetvi, 
the  length  of  a  wave.  If  c  d  be  also  the  length  of  a  wave,  the 
molecule  will  begin  its  first  vibration  at  the  moment  in  which  c 
begins  its  second,  and  b  its  third  oscillation ;  d  will  from  this 
time  be  constantly  in  the  same  phase  of  v-ibration  as  c  and  b. 

If/  lie  half-way  between  b  and  c,  that  is,  if  it  be  removed  half 
the  length  of  a  wave  from  &,  the  molecule  at  /  will  always  be  in 
phases  of  vibration  opposite  to  those  of  the  molecules  at  6  and  c. 
Wlien  b  and  c  attain  the  maximum  of  deviation  above  A  B, 
attains  the  same  maximum  on  the  opposite  side.  The  molecule 
/  passes  the  position  of  equilibrium  simultaneously  with  b  and  r, 
but  moves  in  an  opposite  direction. 
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If  two  molecules  of  ether  be  removed  \  the  length  of  a  wave  from 
each  other  in  the  path  of  a  ray  of  lights  they  will  always  be  affected 
by  equal  but  ojiposite  velocities.  The  same  applies  to  such  par- 
ticles as  arc  removed  |^,  i,  ^,  &c.,  of  the  length  of  a  wave. 

The  length  of  a  wave  is  not  the  same  for  different  colours;  it 
is  largest  for  the  red,  and  smallest  for  the  violet.  We  cannot 
treat  further  here  of  the  manner  in  which  the  length  of  waves  for 
differently  coloured  rays  may  be  determined  witli  cxtraordmary 
accuracy. 

Unequal  periods  of  undulation  and  different  lengths  of  waves  aro 
di-jH'nduut  upon  each  other  ;  thus  the  undulations  of  violet  rays  are 
the  quickest,  and  those  of  the  red  rays  the  slowest. 

VVe  thus  see  that  iu  Xxy^xi  the  difference  of  colours  corrcaponda 
with  the  unequal  height  and  depth  of  tint. 

We  may  form  a  very  clear  idea  of  the  maimer  in  which  waves  of 
light  arc  distributed  in  all  dircctiuus  from  a  luminous  {wint,  if,  as 
we  have  already  shown,  we  consider  the  waves  that  arise  upon  the 
surface  of  a  piece  of  still  water  on  the  thn>wing  iu  of  a  stone.  From 
the  spot  where  the  stone  sinks  in  the  water,  circular  waves  arc 
formed ;  the  advance  of  these  waves  fi*om  the  centra]  point  of  motion 
does  not  depend  upon  the  wparate  particles  of  water  having  mich  a 
progressive  motion,  for  if  a  light  body,  ab  a  piece  of  wood  Hoat  upon  it 
within  the  boundary  of  the  onduUtory  motion,  it  will  only  rise  and 
fall  alternately.  The  particles  of  water  move  alternately  up  and 
down  at  the  sjwt  where  the  stone  fell  into  the  water,  and  this  nuttion 
ia  transmitted  in  a  circle  with  equal  velocity ;  all  the  particles 
of  water,  therefore,  which  are  equi-distant  from  the  middle 
point,  will  also  be  in  like  phases  of  vibration  ;  that  is,  they  will 
aimultaneously  reach  their  liighest  and  lowest  position.  Concentric 
wave-elevatiuns  and  depn'ssions  will,  therefore,  be  formed,  as  is 
shown  in  Fig.  808,  If  at  a  dcHnite  moment,  the  complete 
no.  308.  circles    correspond    to    the  wave    eleva- 

tions, and  the  dotted  circles  to  the  wave 
dcpresnonsj  the  wave  elevations  will 
spread  outward  in  such  a  manner  as  to 
be  after  a  short  period  of  time  exactly 
at  the  dotted  axis,  while  the  wave  de- 
]iression5  will  have  in  like  manner  as- 
sumcd  the  places  defined  by  the  conijdete 
circles. 

All  the  particles  of  water  intervening 
I   2 
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between  two  suticeasive  wavc-clcvations  or  wave  deprcsMons  form 
wave,  while  length  of  the  wave  is  the  distance  from  one  elevation 
another,  or  from  one  depreaaion  to  the  next.     As  one  particle  of  i 
water  desceuJs  at  a,  for  instance,  from  its  highest  position,  and 
then  rises  again  to  the  summit  of  u  wave-elevation,  the  latter  will 
advance  one  length  of  a  wave. 

As  the  waves  of  water  distribute  themselves  in  concentric  circles 
around  the  point  of  displacement,  the  undulations  of  light  move  in 
concentric  spherical  layers  around  the  source  of  light;  the  sur/act 
of  the  waves  of  light  is  spherical,  at  least  as  long  as  the  elasticity 
of  the  ether  remains  the  same  in  all  directions. 

Interference  of  rays  of  light. — We  will  at  once  proceed  to 
explain  how  the  combined  action  of  two  pencils  of  light  sometinies 
produces  increased  light,  and  sometimes  perfect  darkness. 

Such  an  increase  or  ceasation  of  light  produced  by  the  combined 
action  of  two  rays  of  light  is  designated  by  the  term  interference 
of  the  rays  of  light  j  and  may  be  thus  exjdained. 

In  Fig.  309,  the  lines  A  B  and  CD  represent  two  elementary 

FIG,    309. 


rays  of  light,  which,  emanating  from  one  source,  reach  the  point 
n  by  different  paths,  and  intersect  eoch  other  at  a  very  acute 
angle.  If  the  distance  traversed  by  the  ray  of  light  C  D  on  Mb 
path  from  the  source  of  light  to  the  point  a  be  as  great,  or  1,  2,  or 
8  lengths  of  a  wave  greater  than  the  length  from  the  source  of 
light  to  the  point  a  on  the  path  of  the  other  ray,  the  two  rays 
will  interfere  at  a  in  the  manner  represented  in  Pig.  311. 

Tlie  wave  line  abed  represents,  at  a  given  moment,  the  relative 
|K>sition  of  the  particles  of  ether  transmitting  the  rays  in  the 
direction  A  R,  The  particle  b  has  just  reached  its  extreme 
external  position  l>elow  A  B,  atid  the  particle  a  passes  its  point  of 
equilibrium  in  the  direction  indicati;d  by  the  little  arrow. 

The  dotted  wave  line  shows  us  the  simidtaueous  state  of  vibra- 
tion of  the  particles  of  air  propagating  the  pencil  of  hght  C  D. 
If  both  rays  have  traversed  equal  distances  from  the  source  of 
light  to  the  point  a,  the  particle  a  will  be  affected  simultaneously 
in  the  same  way  by  both  rays ;  at  the  moment  represented  in  our 
drawiug,  the  particle  a  is  likewise  forced  downward  by  the  second 


i 


INTERFERENCE    OF   BAYS   OF    LTOQT. 


293 


wave  Byslem,  the  intensity  of  vibration  i«,  therefore,  twice  as  great 
fts  if  its  niotiou  were  only  iufluenced  by  the  vibrationa  of  one 
ray  of  light. 

In  like  manner  the  vibrations  of  two  rays  of  light  meeting  at 
one  point,  anil  deviating  throughout  their  whole  course  about  the 
m«]ti])lc  of  a  whole  length  of  a  wave,  nmst  strengthen  each  other. 

Fig.  310  represents  the  combined  action  of  two  rays,  one  of 

no.  310. 


which  httH  preceded  the  other  by  an  odd  multiple  of  a  half  a  length 
of  a  wave.  By  the  \-ibrations  of  the  one  ray  (the  wave-line  eorre*- 
|x>ndiug  to  it  is  fully  delineated,  while  that  of  the  other  ray  ia  only 
clotted)  the  particle  a  is  urged  upwards  at  the  same  moment  in 
which  the  undulations  of  the  other  ray  strive  to  move  it  downwards 
with  equal  force,  the  two  opi>o8itc  forces,  therefore,  neutralize  each 
other,  and  the  particle  a  remains  at  rest. 

We  have  hitherto  only  considered  those  cases  in  which  the  diffe- 
rence of  the  interfering  rays  amounts  to  the  multiple  of  a  whole 
length  of  a  wave,  or  to  an  odd  multiple  of  a  half  the  length  of  a 
wave.  If  the  difference  falls  within  these  limits,  an  effect  will  be  pro- 
duced by  the  interference  of  the  two  rays  lying  between  the  limits 
of  which  we  have  already  spoken,  that  is,  there  can  neither  be  any 
complete  destruction  of  the  undulation,  nor  any  doubling  of  the 
intensity  of  the  undulation.  The  actual  intensity  of  undulation 
produced,  approaches  more  to  one  or  other  of  these  limiting 
values,  according  as  the  difference  of  the  path  approxiiiinteH  more 
nearly  to  an  odd  multiple  of  a  half  a  wave,  or  to  a  multiple  of 
the  whole  length  of  a  wave. 

We  now  paaft  to  the  cousideration  of  those  phenomena  which 
admit  of  being  referred  to  the  principle  of  interfere  need. 

Refrtmgihilitij  of  Hght. — If  we  look  at  a  little  aolar-imagc  on  the 
inftide  of  a  blackened  watch-glass,  a  polished  metal  button  or  a 
thermometer  bulb  by  meniitf  of  a  fine  circular  o[>ening,  as  may  be 
made  with  a  fine  needle  in  a  card,  we  seo  a  light  round  spot 
surrounded  by  several  coloured  rings.  Fig.  312  represents  this 
pht'iiomeuon. 

If  instead  of  the  ]H>iut,  we  make  a  fine  straight  slit  in  the  card. 


and  took  through  it  at  the  solar  image  upon  the  watch>g1aas,  or 
(which  ia  better)  upon  the  light  line  on  n  glass  tube  blackened 
in  the  inside,  and  laid  in  the  sun,  we  shall  -see  the  phenomcuon 
exhibited  at  Pig.  311.  In  the  centre  of  the  image  we  shall  see  a 
light  stripe,  hanng  at  both  sides  narrower  coloured  stripes  wfaich 
have  a  less  intensity  of  light  as  they  ai>proach  the  outside. 

The  Bner  the  circular  opening,  and  the  narrower  the  slit,  the 
broader  will  be  the  rings  or  the  stripes  as  the  case  may  be. 

Tlic  simplest  mode  of  ohscn'ing  this  phenomenon  is  by  holdini; 
a  ^laas  of  only  one  colour,  a  red  odc  fur  instance,  to  the  eye  vrith 
the  card ;  then  on  looking  through  the  slit  we  shall  see  in  the 
centre  a  bright  red  stripe  bounded  on  both  aides  by  a  black  stnj>c ; 
on  either  side  there  will  thrn  succeed  several  red  lateral  images 
whieh  always  become  fainter,  the  one  being  divided  from  the  other 
by  a  black  stripe,  nearly  in  the  manner  represented  in  the  under- 
most scries  in  Fig.  315. 

The  bright  sides  as  well  as  the  bright  stripe  form  the  same 
colour  in  the  middle,  they  tire  not  sharply  detined  by  the  black 
stripes,  the  transition  from  clear  light  to  tKe  darkest  spots  is, 
therefore,  gradual. 

We  see  the  same  phenomenon  through  a  green  glass,  only  in 
this  case  the  stripes  are  narrower,  aud  when  a  violet  glass  is  used 
they  are  still  niore  so,  as  indicated  in  Fig.  313.     The  explanation 

of  these  phenomena  can  ouly 
be  here  cursorily  touched 
u[>on. 

If  the  light  fall  from  a 
Hufliciontly  remote  point 
(straight  upon  the  plane  nf 
the  screen  A  B  in  which 
there  is  the  opening  C  D, 
we  may  consider  all  the  jiartichs  of  ether  at  this  o|)ening  aa 
equally  remote  from  the  source  of  light,  and,  therefore,  in  like 
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But  each  one  of  these  particles  of  ether 
transmits  its  vibratiuus  on  the  further 
side  of  the  Btreen  in  all  directions,  as  if 
it  were  a  aelf  luminous  particle;  the 
intensity  of  the  light  at  any  one  point  s 
lyint;  behind  the  screen  depende,  conse- 
quently, upon  the  action  jiroduoed  by 
the  interference  of  all  the  rays  emanating 
from  the  different  points  of  the  opening 
C  D  and  meeting  at  s. 

The  rays  of  light  which  arc  trans- 
mitted {torn  CD,  at  right  angles  to  the 
0|iening,  will  always  si  rengthcn  each  other,  consequently  the  centre 
of  the  imagi!  will  be  bright.  If,  however,  we  paaa  over  to  points 
lying  at  the  side,  the  rays  meeting  here  will  not  strengthen  each 
other ;  the  intensity  of  light  must,  therefore,  diminish  laterally 
towanU  a  point  at  which  all  the  rays  coming  from  C  D,  and 
meeting  here,  will  entirely  destroy  each  other;  here  we  shall 
ohncrve  a  dark  stripe. 

Still  further  frnni  the  centre  there  are  again  points  at  which  no 
complete  destruction  of  the  waves  procecdmg  from  CD  and 
meeting  here  occurs,  where  consequently  light  is  again  observed ; 
to  this  succeed  darker  stripes  by  which  all  the  waves  uf  bght 
perfectly  destroy  each  other.  The  reason  of  the  light  and  dark 
stripes  not  coinciding  in  the  differently  coloured  rays  depends  upon 
the  difference  of  the  lengths  of  their  waves. 

When  all  the  differently  coloured  rays  combine,  when,  for 
ini^tance,  we  look  at  the  white  solar  image  through  a  tine 
aperture  without  the  assistance  of  a  glass,  we  shall  sec  a  white 
streak  in  the  centre,  because  here  the  maximum  of  the  intensity  of 
light  for  all  colours  is  found;  but  the  side  inmges  are  all  coloured, 
there  being  nowhere  a  perfectly  white  or  perfectly  black  stripe  to 
be  seen,  for  where  there  is  a  black  stripe  for  one  colour,  there  will 
Ix;  a  light  stripe  fur  other  colours. 

We  have  here  only  alightly  touched  upon  the  explanations 
necessary  to  elucidate  the  phenomena  of  refrangibUity,  since  a 
fuller  expfwilion  of  the  question  would  carrj-  us  beyond  our  limits. 
The  form  of  the  phenomena  of  refrangibUity  depends  upon  the 
foi*m  of  the  apertures;  and  also  changes  with  the  number  of  the 
latter. 

If  two  minnte  circular  apertures  in  a  screen  lie  near  each  other, 
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CoUmn  of  thin  plates. — Every  transparent  body  appears  vividly 
Dloured,  if  seen  in  sufficiently  thin  plates,  as  is  well  exhibited  in 
ap-bubbles.  The  thin  pieces  of  a  glass  sphere  expanded  to 
bursting  before  the  glass-blower's  lamp  exhibits  it«clf  in  the 
most  dazzling  colours ;  similar  colours  are  observed  when  a  drop 
of  oil  (as  oil  of  turpentine)  is  spread  over  a  surface  of  water ;  or 
when  a  glittering  piece  of  metal  heated  in  the  lire  is  gradually 
eovered  with  a  coating  of  oxide  (in  the  annealing  of  steel).  Thin 
layers  of  air  produce  such  colours  as  these,  as  may  be  often  seen 
in  the  flaws  in  somewhat  thick  masses  of  glass. 

These  colours  are  eihibited  with  the  greatest  regularity  in  the 
lb  Fio.  3  IS.  form  of  rings,*  if  we  lay  a  glass  lens 

B  ^;^^:s^^  of  great  focal  length  upon  a  plate  of 

^F       j^S^^^^^xi-^         gl*™j  *"■  the  plate  of  glass  upon  the 

lens.    Newton,  who   observed  these 

coloured  rings,  which  arc  commonly 

termed    Newton's  rings,  used  lenses 

whose  radii    of  curvature   amounted 

from   15  to  20  metres.     Where  the 

^^  plate  of  glass  touches  the  lens,  we  see 

H       ^^S!^l2S<S^^^       ^y  reflected  bght  a  black  spot  sur- 

^^^^^^^5^  rounded    with     coloured    concentric 

rings,  becoming  narrower  and  fainter  towards  the  outer  edges,  as 

■een  in  Fig.  315. 

_       If  ve  look  at  the  rings  through  a  monochromatic  glass,  we  only 

H  aee  alternately  bright  and  dark  rings.     These  rings  arc  broader 

for  red  than  for  green  bght,  and  narrower  for  violet  than  for  green. 

If,  instead  of  coloxired  we  use  white  bght,  we  shall  not  be  able  to 

see  a  thoroughly  white,  or  a  thoroughly  black  ring,  because  neither 

the  light  nor  the  dark  rings  of  the  diflerent  colours  coincide ;  we 

see  colours  throughout,  which   instead  of  being  the  pure  hues  of 

the  spectrum  are  mixed  colours. 

These  phenomena  of  colour  may  be  explained  in  the  following 
manner: 

If  rays  of  Ught  fall  upon  any  lamina  of  a  transparent  body,  they 
will  be  reflected  partially  at  its  upper,  and  partially  at  ita  lower 
surface,  and  the  rays  of  light  reflected  from  the  two  surfaces  will 
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*  Tbe  ring  ryitem  it  aioat  beautifiinr  cihJbited  is  Mrtnl  vai-  tad  ti-oal 
eryitab,  sad  for  the  nkc  oi  mart  lArikiag  OhntntioD  rif  ihcM  ylinniiifiis,  «e  Imtc 
gtvcB  wioorcd  a|in— Htfiii  of  tlw  sfpsaiaaca  iMiiferted.  wMcb  will  he  IbaHliB 
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interfere,  either  destroying  or  strengtht^ning  each  4>ther,  according 
to  the  difference  of  the  patha  which  they  have  traversed. 

Let  us  consider  this  more  closdy.     In   Fig.  316,    MN  OB 


no.  316. 
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represents  a  thin  lamina  of  a  transparent 
body  on  which  a  pencil  of  parallel  rays 
a  b  impinges,  this  pencil  of  rays  will  be 
imrtially  rcHected  in  the  direction  b  c,  and 
partially  refracted  towards  d.  But  the  re- 
fracted rays  wilJ  suffer  a  second  separation  >i 
the  surface  0  P ;  the  reflected  portion  will 
emerge  at  e,  in  the  same  direction  as  the 
pencil  of  hght  reHccted  at  the  first  surface 
*  '  M  Nf  consequently  both  pencils   of  light, 

b  c  and  ef  will  interfere. 

But  how  hap^tcns  it  that  only  thin  lamina  exhibit  such  coIoiub 
as  these,   while  plates  of  some  thickness  do  not  manifest  X\\cm  ? 
Let  us,  for  the  sake  of  more  easy  concession,  assume  that  the 
waves  of  light  in  violet  rays,  arc  half  as  great  as  those  in  red 
rays;  (they  are  actually  somewhat  beyond  half  as  great),  then  tlw 
diameter  of  the  violet  rings  will  be   the  half  of  that   of  the  rod 
rings  i   at  the  place  where  the  first   dark  ring   for   rc<l  tight  ii 
situated,  there  will  be  also  the  second  durk  ring  for  violet  light,  iztd 
one  light  ring  for  a  colour  lying  nearly  in  the  middle  between  tk  , 
red  and  the  violet;  this  colour  is  decidedly  prcdonuuaut  at  this  tfA  \ 
Where  the  seventh  dark  ring  for  red  light  occurs,  there  rfl  | 
be  the  fourteenth  dark  ring  for  violet  light ;  at  this  spot,  tboc 
will,  therefore,  still  be  six  dark  rings,  and  seven  bright  rings  if   [ 
the    intermediate    colours.     If,    therefore,    the    extreme    red,  tfc    ' 
boundary   between   red  and  orange,  between  orange  and  relio*, 
yellow  and  green,  green  and  blue,   blue  and  indigo,  indigo 
violctt,  and  the  extreme  violet  be  at  the  mininnini,  the  int< 
rays  of  red,  orange,  yellow,  green,  blue,  indigo,  and  violet 
at  the  maximum  j  no  one  of  these  colours  can,  therefore, 
minate,  and  combined  they  will  yield  white. 

By  transmitted  light,  thin  plates  also  show  similar,  but  fir 
fainter  coloum,  which  are  conipleineutai-y  to  those  exJtibittd  W 
reflected  light. 

Polari^aiion  of  Light. — If  we  cut   from   a  tran»pBrent 
of  tourmaline  a  plate  whose  surface  runs  parallel  to  the  i 
axis,  and  if  we  look  through  it  towards  a  polished  p^tc) 
the  light   of  the   sky  towards  the  eye  at  an    anu;le  nf  irm  W 
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to  4/Cfif  the  polished  surface  will  appear  bright  or  daric,  according 
as  we  tuni  the  section  of  the  tourmaline;  it  will  not,  therefore,  in 
every  poaitiou  suflFcr  the  transmission  of  the  rays  reflected  from 
the  plate.  The  pencil  of  light  must,  therefore,  by  it«  reflexion 
from  the  polished  plnte,  have  undc.rg:4)ne  a  peculiar  modiRcation, 
which  we  deni^iate  by  the  term  polarisation. 

no.  517.  If  we    hatl,    under    similar    circum- 

stanccSj  examined  the  rays  reflected  from 
the  glass  plate  with  the  plate  of  tourma- 
line, we  should  have  observed  the  same 
phenomenon,  consequently  rays  of  lig;ht 
arc  polarized  by  reflexion  from  a  glass 
surface. 

The  tourmaiinc  plate  may  be  replaced 
by  a  glass  mirror. 

If  an  ordinary  ray  of  light  a  b  fall 
upon  a  plane  glass  plate  f  g  A  i  at  an 
angle  of  35"  25',  it,  for  the  most  part, 
becomes  reflected  in  the  direction  b  c, 
according  to  the  usual  laws.  The  ray  reflected  in  the  direction  b  c, 
is  now  polarised  by  this  reflection.  These  phenomena  can  be 
best  observed  when  the  mirror  fg  k  i  is  blackened  on  the  reverse 
side,  for  besides  the  rays  polarized  by  reflection,  «ome  coming 
from  objects  under  the  mirror  arc  also  transmitted  in  the  direc- 
tion b  e,  and  which  have  passed  through  it. 

If  the  ray  b  c,  polarized  by  reflection,  fall  upon  a  second  glass 
plate,  likewise  blackened  upon  the  reverse  side,  and  parallel  to 
the  under  one,  the  ray  b  e  will  also  make  an  angle  with  it  of 
85",  and  the  plane  of  reflection  of  the  upper  mirror  orjincide 
with  that  of  the  lower  one.  In  this  position  of  the  second  mirror, 
the  ray  b  e  is  reflected  like  every  ordinary  ray  of  Hght ;  if,  however, 
we  turn  the  upper  mirror  in  such  a  manner  that  the  direction  of 
the  ray  b  c  forms  the  axis  of  rotation,  the  angle  made  by  ibc 
incidcut  ray  b  c  with  the  plane  of  the  mirror  wtU  rrmain  the  «Be, 
but  the  parallelism  o(  the  two  mirrors  will  ecaac,  and  the  plsoe  of 
reflection  of  the  upper  mirror  no  hmger  oeincidf  «ith  that 
of  the  lower.  If  now  we  tarn  the  upper  mirror  from  its  |inaitwn 
of  parallelism  with  respect  to  the  othcsr  nirrof,  the  intensity  of  ihc 
twice  reflected  rays  will  dimtniafa  the  MOfe  the  eni^  which  m 
made  by  the  plane  of  reflection  of  the  vppcr  nirrfir  with  that 
of  the  lower  increaaea  until  il  htanrntm  90^,  or  in  other  wonla. 
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until  the  planes  of  reflection  of  both  mirrors  are  at  right  angli'a 
to  each  other.  In  this  position  the  ray  b  c  will  be  no  longer  reflected 
from  the  upper  mirror,  as  would  be  the  case  if  A  c  were  ao  ordijiary 
ray  of  light.  By  the  continued  turning  of  the  upper  mirror,  the 
inteaaity  of  the  reflected  ray  gradually  incrcaaes,  until  it  again 
attains  its  uiaximuni  on  the  rotation  auiouuting  to  180''.  In 
this  position  the  planes  of  reflection  of  the  two  mii'rors  will  again 
coincide.  If  we  turn  it  still  further,  the  ray  reflected  to  the 
upper  mirror  will  again  become  fainter,  disappearing  entirely  when 
the  planes  of  i*cttection  of  both  mirrora  again  cross  each  other, 
consequently  when  the  rotation  amounts  to  270",  Sec. 

An  arrangement  by  which  two  such  mirrors  can  be  used,  and 
by  which  the  above  described  experiments  may  be  made,  is  termed 
a  polarising  apparatus.  The  sinipleut  arrangement  that  can  be 
adopted,  is  the  following:  A  mirror  blackened  at  the  back  is 
so  fastened  to  one  end  of  a  metallic  or  wooden  tube,  that  it 
makes  an  angle  of  35^  with  the  axis  of  the  tube,  when  all  the 
rays,  incident  on  the  mirror  at  an  angle  of  35",  arc  so  reflected 
that  they  pass  through  the  tube  in  the  direction  of  this  axis. 
At  tlie  other  end  of  the  tube  there  is  a  ring,  whose  oxia  corre- 
8|M)nd8  with  that  of  the  tube,  and  which  therefore  admits  of 
being  turned  round  upon  a  plane,  at  right  angles  to  this 
axis.  To  this  ring  ia  fastened  a  second  mirror,  blackened  in 
like  manner  as  the  other,  and  also  making  an  angle  of  35"  with 
the  axis  of  the  tube.  By  turning  the  ring,  the  mirror  is  made  to 
revolve  with  it,  and  may  thus  be  brought  into  all  the  positions 
we  have  just  mentioned. 

Such  a  polarizing  ap])aratu8  is,  however,  very  inconvenient ;  and 
that  delineated  in  Fig.  318,  and  represented  at  one  fourth  of  ita 
natural  yize,  is  far  better  in  every  respect.  Two  iyhIs  are  inserted 
diametrically  op[>08)tc  to  each  other,  in  the  rim  of  a  ataud,  which 
must  be  made  sufficiently  heavy  to  give  the  whole  the  stability 
necessary  to  support  the  apparatus ;  between  these  rods  there  is  a 
frame  A  B^  enclosing  a  polished  glass  mirror.  This  frame, 
together  with  the  mirror,  may  be  made  to  revolve  in  a  horizontal 
axis  by  means  of  a  pivot,  by  which  means  the  glass  may  be 
moved  at  will  in  any  position  about  the  direction  of  the  perpen- 
dicular. The  mirror  is  generally,  however,  placed  in  such  a  posi- 
tion that  its  plane  shall  make  an  angle  of  35"  with  the  vertical. 
If,  in  this  position  of  the  mirror,  a  ray  of  light  a  b  fulls  upon 
it  at  an  angle  of  35",  it  passes  partially  tln'ough  the  glaas,   (but 
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iif  this  wc  nocd  not  take   any  account),  and  is  partially  reflected 
^j^  3lg  vertically  downwards  in  the  dircctioti 

b  c.  This  reflected  ray  ia  now  (wla- 
rized,  and  a  vertical  plane  passing 
through  the  lines  a  b  and  b  c,  is  its 
plane  of  polarization. 

At  the  base  of  the  apparatus  there 
is  a  common  mirror,  blackened  be- 
neath, and  boriaontally  placed,  on 
which  the  polanBcd  rays  b  e  impinge 
rectangularly ;  this  ray  ia,  therefore, 
reflected  in  the  same  direction  in 
which  it  came,  and  passing  through 
^  the  polarizing  mirror  proceeds,  in  a 
vertical  direction,  to  the  upper  part  of 
the  apparatus.  The  upper  extTemitiea 
of  the  columiis  (we  will  not  at  present 
treat  of  the  middle  part  of  the  appa- 
ratals)  have  a  graduated  ring.  The 
zero  of  this  division  ia  so  situated  that 
if  we  imagine  a  vertical  plane  drawn 
through  0  and  180",  it  ^vill  coincide 
with  the  plane  of  reflection  of  the 
lower  mirror,  and  consequently  with 
the  plane  of  polarization  of  the  rays 
polarized  by  it.  Within  this  graduated  ring,  there  is  another  that 
can  be  made  to  revolve,  and  on  which  arc  placed  two  columns, 
diametrically  opposite  to  each  other,  having  between  them  a 
mirror  of  black  glass,  or  a  mirror  blackened  on  the  back,  which 
ia  fastened  in  the  same  manner  as  the  lower  polarizing  mirror  j  as 
the  lower  one  is  made  to  revolve  round  a  horixontal  axis,  the 
blackened  mirror  may  easily  be  so  placed  as  to  make  an  angle 
of  35"  25'  with  the  vertical. 

The  revolving  ring  on  which  the  columns  stand,  slopes  some- 
what at  the  edges,  while  In  the  centre  of  the  anterior  half  of  the 
ring,  an  index  is  drawn  upon  the  slope.  A  vertical  plane  passing 
through  this  index  to  the  middle  point  of  the  ring,  coincides  with 
the  plane  of  the  reflection  of  the  blackened  mirror.  If  wc  turn 
the  ring  bearing  the  upper  mirror,  so  that  the  index  coincides 
with  the  0  of  the  graduated  lines,  the  planes  of  reflection  of  the 
upper  and  lower  mirror  will  coincide.     The  same  will  be  the  case 
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when  the  iadex  stands  at  180".  If  the  index  stand  at  90",  as  in  our 
fipiirc,  or  at  270",  tlic  plant;  of  reflection  of  the  upper  mirror 
irill  form  a  right  angle  with  the  plane  of  reflection  of  the  lower 
mirror. 

The  phenomena  of  ordinary  polarization,  which  may  be  observed 
by  this  apparatus,  arc  as  follows.  If  both  mirrors  lie  parallel  to 
each  other,  if,  therefore,  the  index  of  the  ring  bearing  the  black  glass, 
stand  at  O'*,  the  upper  mirror  will  reflect  the  rays  impinging  upon 
it  from  below,  and  the  field  of  vision  appear  consequently  clear.  If 
we  turn  the  analysing  mirror  (this  is  the  common  term  for  the 
upper  mirror)  from  its  position,  the  int^insity  of  the  light  reflected 
by  it  will  diminish  mon:  and  more  until  it  cornea  at  last  to  0,  when 
the  index  will  stand  at  90"^  In  this  position,  therefore,  the  blackened 
mirror  no  longer  reflects  the  rays  impinging  upon  it  from  below,  and 
the  fleUl  of  \iaion  apjicars  dark.  If  we  turn  it  still  further,  it  becomes 
gradually  lighter,  and  when  the  index  stands  at  180",  the  intensity 
of  the  light  is  again  equal  to  what  was  observed  at  O''.  The  light, 
however,  diminishes  again  when  we  tui'n  the  mirror  beyond  180**, 
and  the  Held  of  vision  becomes  a  second  time  dark  when  the  index 
stands  at  270^ 

It  is  of  course  evident  that  during  this  rotation,  the  direction 
of  the  blackened  mirror  must  remain  unchanged  with  respect  to 
the  vertical.  But  in  all  positions,  the  upper  mirror  makes  an 
angle  of  35"  25'  with  the  vertical.  If  without  altering  anything 
else  in  the  apparatus,  we  change  the  position  of  the  lower  mirror 
with  regard  to  the  incident  rays,  if,  for  instance,  we  place  it  so  as 
to  make  an  angle  of  25*^  with  the  vertical,  those  rays  will  reach 
the  upper  mirror  of  the  apparatus  which  have  made  an  angle  with 
the  lower  mirror.  If  we  repeat  the  above  cxju'riment,  we  shall 
find  that  the  light  reflected  from  the  upper  mirror  is  never 
quite  null.  If  the  upper  mirror  be  so  placed  that  its  plane  of 
reflection  cross  that  of  the  lower  one,  if,  therefore,  the  index  of  the 
lower  division  stand  at  90",  although  less  light  will  be  reflected 
in  this  position  than  in  any  other,  stUl  some  portion  of  the  ruys 
coming  from  below  will  be  reflected. 

We  may  conclude  from  this,  that  the  rays  reflected  from  the 
lower  mirror  arc  only  ]>artially  polarized  at  an  angle  of  25".  The 
more  the  angle,  which  the  rays  incident  upon  tlie  lower  glass  mirror 
make  with  its  plane,  deviates  from  35"  25',  the  more  imperfect  i» 
the  polarization.  The  angle  at  which  perfect  polanzation  takes 
place  (viz.  35*^  25'  for  glass),  is  termed  the  angle  of  |>olarization. 
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MetftlliG  sarf&ccs  have  not  the  property  of  polnrizins:  light  by 
reflection ;  we  cannot,  therefore,  use  mirrors  plated  on  the  bftck 
with  tin  and  quicksilver  for  experiments  in  [lolarization. 

The  polariziition  of  li^ht  ir  explained  aceordinfr  to  the  nndulatory 
theory,  on  the  hypothesis  that  all  the  undtdationK  of  a  polarized  ray 
of  li^ht  oecnr  in  one  and  the  same  plane,  whilst  the  undulations  of 
an  ordinary  ray  of  light  take  place  in  ever}*  poHsihlc  line  at  right 
angle«  to  its  direction. 

Double  refraction. — If  we  place  a  rhombohcdron  of  Iceland  spar 
upon  a  piiHre  of  pajK-r,  on  which  a  bluek  point  or  line  has  been 
drawn,  we  shall  see  this  point  or  line  double.  If  we  form  a  prism 
of  this  spar,  we  shall  see  a  double  image  of  even,*  object  looked  at. 
This  experiment  proves  that  every  ray  of  light  impinging  on  a 
priam  of  Iceland  spar  is  divided  into  two  portions^  which  do  not 
obey  the  same  laws  of  refi*action,  and  that  this  spar  has  the 
property  of  double  refraction. 

If  we  examine  through  a  plate  of  tourmaline  the  two  objects 
seen  by  means  of  the  Iceland  spar,  we  shall  Hnd  that  both  rays  are 
polarized,  for  according  as  we  turn  the  plate  of  tourmaline,  one  or 
other  of  the  images  will  disappear ;  the  plane  in  which  the  partielea 
of  one  ray  vibrate  is  at  right  angles  to  the  plane  of  vibration  of 
that  of  the  other  ray. 

Iceland  spar  is  not  the  only  doubly  refracting  body ;  this 
projierty  belongs  to  all  crystallizable  substances  not  belonging  to 
regular  systems  of  crystallization. 

In  every  doubly  refracting  crj'stal,  there  arc  one  or  two  dircc- 
tious  in  which  double  refraction  docs  not  take  place ;  these 
directions  arc  termed  the  optical  axes, 

A  development  of  the  laws  of  double  refraction  would  lead  us 
beyond  our  limits.  If  we  lay  a  very  thin  plate  of  cr\*stallizcd 
gypsum  upon  the  middle  circle  of  the  polarizing  apparatus,  seen 
in  Fig.  318,  it  will  appear  coloured,  changing  (other  cirrnmstanccs 
remaining  the  same)  its  colour  with  the  thickness  of  the  plate. 

If  a  thin  plate  when  laid  between  mirrors  crossing  each  other 
shows  a  definite  colour,  the  colour  complementary  to  it  will  appear 
when  these  mirrors  are  parallel. 

Thc-se  phenomena  of  colour  arise  from  the  two  rays  into  which 
the  incident  light  is  separated  (for  crystals  of  gypsum  are  doubly 
reacting)  traversing  the  plate  with  equal  velocity  and  interfering 
after  reflection  from  the  upper  mirror. 

Plates  of  other  crystals  exhibit  simdar  colours  when  made  suffi- 
ciently thin. 


304 


CQEHICAL    ACTION    OP    LIOHT. 


If  we  cut  a  plate  from  a  doubly  refracting  crystal,  whose  surface 
id  at  right  angles  to  the  opticiU  axis,  it  will  show,  when  brought  into 
the  polarizing  apparatUH,  or  laid  between  the  plates  of  tonrmalinc, 
very  beautifully  coloured  rings,  the  formation  of  which  may  be 
explained  in  the  same  way  aa  the  colours  of  the  plates  of  gypsum. 


CHAPTER  VI. 


CHEMICAL   ACTIONS    OF    LIGHT. 

Injhence  of  light  on  chemical  combinations  and  on  decompo$iii(mg, 
— At  ftti  ordinary  temperature,  chlorine  and  hydrogen  gasea  do  not 
combine  with  each  other  in  the  dark ;  but  as  soon  as  we  give 
admittance  to  light,  the  combination  takes  place,  slowly  by  simple 
daylight,  but  is  accompanied  with  an  explosion  when  exposed  to 
direct  sunlight.  Chlorine  absorbed  by  water  has  the  power  of  gra- 
dually withdrawing  the  hydrogen  from  it  only  when  exposed  to  the 
action  of  light ;  phosphorus  kept  in  water  is  converted  when  ex- 
posed to  the  sun  into  the  red  oxide  of  phosphorus.  At  ordinary 
temperatures  concentrated  nitric  acid  is  partially  decomposed  by 
light  into  oij'gcn  and  uitrouH  acid  ;  white  chloride  of  silver  becomes 
first  coloured  violet  by  the  action  of  lightj  and  subsequently  quite 
black,  and  a  portion  of  the  chlorine  escapes,  &c.  These  are  only  a 
few  of  the  most  striking  instances,  adduced  to  show  the  influence  of 
light  upon  chemical  combinations  and  upon  decomposition,  and  all 
chemical  treatises  afford  numerous  examples  of  the  same  thing. 

The  influence  of  light  upon  the  decomposition  of  organic  sub- 
stances is  very  remarkable ;  for  instance,  it  promotes  the  union  of 
the  oxygen  of  the  atmosphere  with  the  carbon  and  hydrogen  of 
organic  substances;  hence  arises  the  fading  of  vegetable  colouring 
matter  in  light,  especially  in  sunlight ;  the  yellow  coloration  of  oil 
of  turpentine,  and  the  green  hue  of  yellow  guaiacum  on  exposing 
to  light  a  piece  of  paper  dipped  in  a  spirituous  solution  of  thin 
gum  reaiUf  &c.  Light  is  absolutely  necessary  to  the  vigoroos 
growth  of  h\ing  plants,  their  perfect  development  being  im|K>ssible 
in  the  dark,  where  they  soon  acquire  a  sickly  appearance,  and  their 
leaves  and  blossoms  grow  pale.  Plants  reared  in  a  room,  alwaya 
incline  towards  the  windows.  The  green  portions  of  plants  absorb 
carbonic  acid  from  the  air ;  this  carbonic  acid  is  decomposed,  the 
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carbon  remaining  as  u  constituent  of  thu  plants,  whilst  the  oxygen 
ia  again  given  oiF  to  the  atmosphere.  This  decomposition  uf  c»ir- 
bonic  acid  and  exhalation  of  oxygen  into  the  air  takes  ])lftcc  only 
under  the  iniluence  of  light.  Wc  may  easily  convince  ourselves 
of  tlu»  fact  by  laying  a  fresh  green  twig  under  a  glairs  bell  filled 
with  water  holding  in  solution  carbonic  acid ;  in  the  light  nume- 
rous gas  bubbles  devclope  thenmelves  upon  the  leaves,  and  rise  in 
the  upper  part  of  the  glass  bell ;  the  gaa  thus  collected  in  carbouic 
acid  gas.  This  development  of  gaa  does  not  take  place  in  the 
dflrk>  and  ccasca  as  aoon  as  all  free  carbonic  acid  is  removed  from 
the  water. 

Tlic  chemical  actions  of  the  blue  and  violet  rays  are  generally 
mnch  stronger  than  thow  of  the  red. 

Photot/rnphy. — The  idea  first  occurred  to  Wedgwood  to  avail 
himself  of  the  blackening  of  chloride  of  silver  to  fix  the  pictures 
of  the  Camera  Obscura,  and  Davy  obtained  the  images  of  small 
objects  on  chloride  of  silver  paper  by  means  of  a  solar  micrt>8cu|>e ; 
but  these  were  soon  effaced  by  the  continuous  action  of  light  upon 
the  chloride  of  silver.  Niejice  advanced  the  art  of  fixing  those 
photogra])hic  images;  but  it  remained  for  Daffuene  to  discover, 
after  many  carefid  and  laborious  attempts,  a  method  by  which 
almost  incredible  results  are  attained. 

The  substance  on  which  Daffuerre's  photographic  imnges  arc 
represented,  is  a  copper  plate  thinly  covered  with  silver.  After 
being  sufficiently  purified,  this  plate  ia  laid  over  a  square  porcelain 
dish,  filled  with  an  mjueous  solution  of  chloride  uf  iodine,  and 
expoved  to  the  vapour  of  the  iodine,  until  a  gohhsh  yellow,  or 
a  violet  layer  of  iodide  of  silver  is  formed  ni>on  the  surface.  Tbe 
plate  is  now  put  into  the  Camera  Ohscura,  being  carefully  kept 
from  the  light  dunng  its  removal,  exactly  at  the  place  where  a 
well  defined  image  of  the  objeet  to  be  delineated  appears.  AAer  a 
certain  time,  the  duration  of  which  depends  upon  various  circum- 
stances, the  plate  is  removed  from  the  Camera  Obscura.  Tl»ci*e  is  now 
no  trace  of  an  image  to  be  |>erceived,  this  appearing  only  on  bring- 
ing the  plate  over  a  metallic  plate  somewhat  warmed,  and  covered 
with  u  thin  layer  of  mercui^.  As  soon  as  the  image  is  sufHeicntly 
welt  defined,  the  plate  is  plaired  in  a  solution  of  hypo-sulphate  of 
soda,  or  in  default  of  this,  in  a  boiling  solution  of  chloride  of 
sodium,  by  which  the  coating  of  iodide  of  silver  is  dissolved,  and 
all  further  action  of  light  prevented. 

Light  acts  on   those  pails  of  the  iodised   plate  ou  which   the 
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light  portions  of  the  picture  in  the  Camera  Obscura  have  fallen 
before  the  actiou  becomes  apparent  to  the  eye  ;  thus  the  portions 
of  the  plate  which  are  most  exposed  to  li^ht  have  acquired  the 
property  of  condeuRing  the  vapour  of  mercury:  here,  therefore,  the 
mercury  ia  precipitated  in  infinitely  minute  globules,  whilst  no 
such  precipitate  occurs  where  the  light  has  not  acted.  After  the 
unchanged  iodide  of  silver  has  been  entirely  washed  away  from 
the  last  named  |)arts,  we  have  a  tine  coating  of  the  precipitate  on 
the  light  portions,  while,  where  the  light  does  not  act,  the  shining 
Kilvered  surface  appears ;  and  if  we  hold  the  plate  in  such  a 
maimer  that  the  mirror  rettects  to  the  eye  the  ray  coming  from 
dark  objects,  this  silvered  surface  forma  the  dark  back-ground, 
on  which  the  light  parts  are  produced  by  the  light  scattered  in  all 
directions  from  the  globules  of  mercury. 

If  we  leave  the  plate  too  long  in  the  Camera  Obscura,  the  action 
of  the  light  becomes  apparent  upon  the  iodized  jilate,  whilst  the 
iodide  of  silver  ia  blackened  in  those  parts  where  the  light  acta 
most  strongly;  the  picture  thus  produced  is  a  negative  picture, 
that  is  to  say,  the  light  parts  of  the  object  correspond  to  the  dark 
portions  of  the  image,  and  vice-versd.  If  we  leave  the  plate  in  the 
Camera  Obscura  until  the  action  of  light  is  visible  n])on  it,  it  ii* 
then  too  late  to  procure  a  Daguerrotyi>e  photographic  picture. 

These  pictures  can  never  represent  the  relations  betweeu  lights 
and  shadows  with  perfect  accuracy,  owing  to  the  (Uiferent  action 
of  the  various  colours  u|>on  the  iodixed  plate ;  green  rays  scarcely 
produce  any  action,  on  which  account  trees  always  appear  very 
dark;  red  rays  likewise  act  very  Hlightly.  Owing  to  this  circum- 
stance, the  Dagucrrotypc  portraits  do  not  produce  correct  hkc- 
nesscs  of  the  originals. 

Talbot  has  pursutxl  a  totally  different  method  in  procnring  his 
photograpliic  pictures.  He  uiukes  use  of  a  paper  which  i8  rendered 
peculiarly  susceptible  to  light  by  a  process  which  we  cannot  fur- 
ther describe,  and  which  is  termed  CaloUjpe  paper.  A  negative 
picture  is  formed  upon  this  paper  in  the  Camera  Obscura,  and 
fixed  by  means  of  bromide  of  potassium. 

This  negative  picture  is  then  laid,  together  with  a  piece  of  simi- 
larly prepared  paper,  between  two  glass  plates;  the  dark  portions 
of  the  picture  keep  from  the  second  jmper  the  light  which  acts 
through  the  light  parts,  and  thus  a  positive  picture  is  formed 
upon  the  second  paper.  Several  positive  copies  may  be  taken 
from  one  and  the  same  negative  picture. 
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MAGNETISM    ANIJ    EIECTRICITY. 


PART   I. 

MAGNETiail. 


CHAPTER  I. 

MUTVAI.   ACTION    Ur    MAONKTS    ON    EACH    OTHFA,    AND    ON 
MAGNETIC    BODIES. 

We  find  in  the  bowcle  of  the  earth  certain  iron  ores  which  possess 
the  |>Pt>|H'rty  of  attracting  irun  j  these  are  termed  natural  magrteh. 
The  Hanic  property  can  be  imparted  temporarily  to  iron,  and  |>er- 
moneiitly  to  steel,  and  magneU  formed  of  this  substance,  which 
are  termed  artificial  magnets,  arc  beat  adapted  tu  the  inves- 
tigation [)f  the  laws  of  magnetism  from  the  facility  with  which  n 
suitable  form  can  be  applied  tu  them.  Artilicial  magnets  are 
generally  made  in  the  shape  of  rods,  needles,  or  horse>sh(M'H. 

Maffiieiic  pairs, — If  we  dip  a  magnetic  rod  into  iron  tilings,  we 
Hhall  sec  on  removing  it,  that  the  HlingH  wUI  not  be  equally 
suspended  to  all  parts  of  the  rod,  they  will  fall  off  immediately  from 
the  middle,  where  the  magnetic  rod  docs  not  appear  to  exert  any 
mflnenec  ;  from  the  middle  towards  the  extremities  or  pales,  how- 
ever, this  p{»wer  of  attraction  increases  as  may  be  seen  in  Fig.  319. 
ne.  319.  One  would  be  led    at 

first  sight  to  suppose  tliat 
if  a  magnet  were  sepa- 
rated along  its  neutral  line 
(by  a  magnetised  steel 
wire,  fni  iui^Unce,  with  wliiclt  the  ixperiment  imiy  be  easily  made) 
neither  of  the  divided  portions  would  be  true  mnguets,  and  that 
each  would  attract  at  one  extremity  only  ;  experiment  proves  the 
reverse  however,  cacli  part  being  a  perfect  magnet  liaving  its  neutral 
line  and  two  poles. 
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Similar  poles  rejyel  each  oihei%  contranj  poles  attract  each  other,—' 
Fig.  320  rt^prcsents  a  magnet  lying  in  a  casing  of  paper  or  metal, 
no.  320  *"^  suspended  in  a  horizontal  posi- 

tion. If  wc  bring  one  pole  of  a 
magnet  near  either  of  the  two  polc« 
a  and  b  of  another  magnet,  the  pole  a 
will  be  attracted  while  b  will  be 
repvlled.  AVc  term  the  jwlcs  a  an<]  b 
opposite  poles,  because  they  act  in 
different  ways  npon  the  same  pole 
if  brought  near  theui.  If  now  we 
invert  the  magnet  which  we  hold  in  onr  hand,  in  order  to  bring  ita 
opposite  pole  to  the  suspended  magnet,  the  reverse  will  take  place, 
a  will  be  repelled  and  b  attracted,  The  two  poles  of  the  magnet 
in  the  hand  are,  therefore,  also  of  different  natures,  and  are  e<m»e- 
qnently  opposite.  In  a  similar  manner  we  may  show  that  the  two 
polea  of  every  magnet  are  opposite. 

If  we  bring  two  different  magnets  to  the  suspended  magnet,  it 
will  be  ea.sy  to  find  which  of  the  two  attractH  the  pole  a  of  the 
Kiispended  magnet,  and  repels  b.  If  we  designate  this  pole  of  the 
first  magnet  as  n,  and  the  pole  of  the  second  magnet  acting  simi- 
larly as  n',  n  and  n'  will  be  the  similar  poles  of  these  two  magnets. 
If  the  second  pole  of  the  first  magnet  be  m,  and  that  of  the  other 
m',  the  pole  hi  aa  well  as  m'  will  repel  the  pole  ti  of  the  suspended 
magnet,  and  attract  the  pole  6.  The  two  poles  m  and  m'  are 
likewise  similar. 

If  now  we  suspend  the  magnet  whose  poles  arc  designated  m 
and  m',  in  such  a  manner  as  to  admit  of  its  turning  readily  in  a 
horizontal  plane,  and  bring  the  other  near  it,  wc  shall  find  that  the 
poles  m  and  m'  will  repel  each  other,  as  will  also  the  poles  n  and  n' ; 
similar  poles  consequently  repel  each  other.  While  the  poles  m  and 
n'  and  n  and  m'  being  dissimilar  poles,  attract  each  other. 

There  are,  therefore,  in  the  two  halves  into  which  a  magnet  ia 
divided  by  the  neutral  Une,  two  forces,  which,  although  appearing 
at  first  sight  to  be  of  similar  nature,  from  their  acting  similarly 
npon  iron  are  actually  two  opposite  forces.  The  neutral  line  is, 
consequently,  the  boundary  between  two  opposite  forces,  forming 
the  transition  from  one  to  the  other,  and  herein  lies  the  reason  of 
their  neutral  character. 

From  reaaons  which  we  shall  presently  better  understand, 
one  jKiU;  of  the  magnet  is  termed  the  south  pole,  and  the  other 
the  north  pole. 
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Ihider  the  influence  of  a  magnet,  iron  itself  becomes  magnetic. — In 
order  to  show  thia  property  of  iron  wc  nuist  make  the  expcrinicnt 
^presented  in  Fig.  821.  Let  an  iron  cylinder  /  be  supported  by 
a  magnet  a  b;  if  we  bring  iron  filings  to  the  lower  part  of  this 
cylinder,  they  will  continue  suspended  to  it  in  the  form  uf  a  little 
tnft  hanpinp  aa  lonf;  as  the  little  cylinder  con- 
tinues to  adhere  to  the  magnet  j  but  a»  soon  as 
the  cylindur  is  removed,  the  iron  filings  will  fall 
off,  and  no  further  attractive  force  be  perceived. 
We  cannot  aAcribe  this  phenomenon  to  the  force 
of  magnets  acting  at  a  distance,  for  if  the  small  cylinder  were  not 
of  iron  we  should  not  obsene  the  phenomenon  ;  of  this  wc  shall 
be  still  better  convinced  by  observing,  1.  that  the  threads  of  iron 
filings  diminish  gradually  from  the  extremity  of  the  cylinder ;  2. 
that  there  is  a  point  towards  the  upper  end  where  the  filings  do  not 
adhere,  consequently,  that  the  suudl  cylinder  haa  a  neutral  magnetic 
line ;  3.  that  the  filings  adhere  again  above  this  point,  but  that 
they  have  an  op|K>site  direction.  The  little  cylinder  is  there- 
fore a  real  magnet,  attracting  iron  tilings,  having  two  poles  and  a 
neutral  magnetic  line ;  the  latter,  however,  does  not  coincide  with 
the  geometrical  middle. 

Instead  of  bringing  iron  filings  to  the  suspended  cylinder,  we 

may  attach  to  it  another  cylinder  (as  in  Fig.  822)  which  will 

also    be    supported,    to     this    a   third,    fourth, 

and  BO  on ;  in   this  way  a  chain  may  be  formed 

of  which   the  magnet  is  the  first  link.     If  we 

I       remove  this  link,  the  whole  chain  will  fall  apart, 

■        there   being   no    power    to    hold    together   the 

links. 

Magnetic  flni/fji. — To  explain  the  various  phenomena  of  magne- 
tism, wc  assume  that  there  are  two  different  magnetic  Huids,  distri- 
buted in  the  magnet  in  a  manner  which  we  must  consider  more 
particularly ;  the  particles  of  each  of  these  fiuids  repel  each  other, 
but  attract  those  of  the  other  fiuid.  The  magnetic  6aids  arc  present 
in  equal  quantities  in  every  molecule  of  iron  and  steel ;  hut  they 
cannot  pass  from  a  magnet  to  a  piece  of  iron,  or  hxna  one  molecule 
to  another,  the  magnetic  condition  depends  only  upon  the 
manner  in  which  the  magnetic  tlnids  arc  distributed  in  every 
indiWdual  molecule. 

Wc  must  suppose  a  magnet,  or  a  magnetised  iron  rod  (aa  MCn 
in  Fig.  823)  to  be  compotscd  of  small  particlcii,  each  o(  which 
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contains  both  fluids,  althou^^h  in  n  state  of  separation ;  the  mag- 
netic duida  being  distributed  in  t:ach  particle  in  »iich  a  manner 

that  the  Rimilar  Buid  is  turned 
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towards  the  same  side  in  all 
the  particles.  There  is,  there- 
fore, only  one  fluid  present 
at  the  left  extremity  of  the 
magnet  represented  in  Fig.  323,  while  the  right  extremity  is  solely 
occupied  by  the  other ;  the  jiolarity  of  the  magnet  is  thus 
explained.  We  con  easily  understand  from  this  ex]}lanation  that  % 
magnet  may  be  broken  into  two  parts,  and  each  separate  portion 
remain  a  perfect  magnet. 

If,  therefore,  a  piece  of  iron  be  magnetised  by  the  influoice 
of  a  magnet,  no  magnetic  fluid  will  pass  from  the  magnet  to  the 
iron,  but  the  approximation  of  the  magnet  will  «im])ly  occasion  a 
distribution  through  the  iron  of  the  magnetic  fluids  which  have 
not  hitherto  been  separated  in  each  molecule,  and  directed  towarda 
a  definite  side,  but  distributed  quite  uniformly  over  the  whole. 

Iron  only  retains  its  magnetic  properties  so  long  as  the  con- 
tiguity of  B  magnet  keeps  the  magnetic  fluids  separated ;  on  the 
removal  of  the  magnet  the  separated  fluids  again  combine,  and  the 
iron  returns  to  ita  natural  condition. 

A  horizontal  magnet  a  b  t(up|>orts  at  one  end  an  iron  inaa»f,  the 
weight  of  which  is  nearly  as  great  aa  the  magnet  is 
capable  of  supporting.  We  now  bring  another 
magnet  a'  b'  over  a  6  in  such  a  manner  that  the 
contrary  poles  a  and  b'  arc  turned  towards  each 
other.  If  we  bring  the  second  magnet  gradually 
nearer,  in  the  manner  specified,  the  piece  of  iron/ 
will  fall  off.  The  two  magnets  combined  cannot 
therefore  support  as  much  as  each  one  separately.  We  may  easily 
understand  the  cause  of  this  ;  for  the  second  magnet  disturbs  the 
actions  of  the  flrst,  whilst  it  decomposes  the  fluids  of  the  mass  of 
iron  /  in  an  opposite  sense. 

Steel  resists  the  magnetising  influence  of  a  magnet  much  better 
than  iron,  that  is  to  say,  a  piece  of  steel,  if  it  be  tolerably  large,  is 
not  magnetised  so  strongly  or  immediately  by  contact  with  a 
magnet  as  is  a  piece  of  iron ;  and  in  order  perfectly  to  mag- 
netise a  rod  of  steel,  it  is  necessary  that  it  should  be  for  a 
longer  period  in  contact  with  the  magnet,  or  that  the  latter  should 
be  drawn  repeatedly  over  it  in  the  proper  manner ;  when,  how- 
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ever,  rteel  is  once  magnctucd,  it  docs  not  lose  this  property  very 
cftsily,  but  retains  the  magnetic  charactcT  even  after  the  niag^iet  has 
been  removed ;  wc  may  consequently  form  permanent  magnets  of 
stcflj  but  not  of  iron. 

Perfectly  hardened  atcel  admits  least  eaaily  of  being  magnetised; 
but  when  once  it  has  acquired  the  magnetic  pniperty,  it  does  not 
readily  lose  it.  When  tempered  steel  lows  its  hardness  by  being 
annealed,  it  assimilates  more  nearly  to  soft  iron  in  its  relation  to 
magnetiitm.  Red  hot  iron  is  not  attracted  by  a  magnet,  and  a 
steel  magnet  entirely  loai%  its  magnetic  properties  on  being 
heated. 

Besides  iron,  nickel  and  cobalt  may  also  become  magnetic. 
Magnetic  armatures. — A  magnet  may  gradually  lose  its  force, 
owing  to  various  causes.  To  prevent  this,  the  ao  called  armahtret 
are  made  use  of :  this  term  is  applied  to  pieces  of  sofl  iron,  brought 
into  contact  with  the  magnet  in  order  to  prcsen'e  its  power  by 
me-uns  of  the  magm^tic  deoom  position  going  on  in  the  soft  iron. 
The  following  method  for  thus  arming  magnetic  bars  is  the  best, 
and  will  be  seen  exemplified  in  Fig.  325.  Two  like  magnetic  bars 
are  laid  parallel  to  each  other  in  such  a  manner  that 
the  north  pole  of  the  one  is  directed  to  the  same  side 
as  the  south  pole  of  the  other,  to  these  are  attached  two 
pieces  of  soft  iron  a  b  and  e  din  order  to  complete  the 
parallelogram.  Each  of  these  pieces  of  iron  naturally 
becomes  a  magnet  of  itself,  reacting  in  such  a  manner 
upon  the  magnetic  rods  N  S  and  N'  S'^  that  the 
separated  tluida  are  fixed  at  the  corresponding  extre- 
mities. 

Magnetic  needles  and  bars  lying  in  the  direction  of  tcrrcstial 

magnetism  may  be  considered  as  in  some  degree  armed  by  the  earth. 

A   magnetic    battery   is   a   combination   of  several   individual 

magnets.       Fig.   326,    represents   one   constructed  according  to 

rrc.  :i2fi. 


no.  325. 


Coulomb**  plan.     It  consists  of  13  separate  magnetic  bars,  forming 
3  layers  each,  composed  of  4  bars.     The  bars  of  the  middle  layer 
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are  about  2,  5,  or  3  inches  shorter  than  those  of 
the  other  layers,  and  project  about  16  to  18 
lines  at  either  side.  All  the  bars  are  of  exactly 
the  same  diraeuaionsj  and  are  fastened  into  pieces 
of  iron  /  serving  as  armatures.  The  brass  bands 
cc'  serve  to  hold  the  rods  and  armatures  together. 
Such  large  magnetic  bundles  remain  horizontally 
fUed,  when  made  use  of  for  the  purpose  of 
magnetising.  The  smaller  ouea  employed  for 
friction  are  constructed  on  similar  princi- 
ples. 

Fig.  327  represents  a  horse-shoe  magnet.  It  consists  of  several 
horsc-shoc  shaped  curved  plates  of  steel,  lying  immediately  on  one 
another,  and  held  together  by  two  screws  a  and  a,  made  of  iron  or 
brass.  Each  plate  is  separately  magnetised,  before  it  is  used 
for  constructing  the  apparatus.  A  ring  n  n'  serves  to  suspend 
the  magnets,  and  a  piece  of  soft  iron  pp',  the  anchor,  forma  the 
armature.  Good  horse-shoe  magnets  are  capable  of  sustaining 
from  10  to  20  times  their  own  weight. 

The  armature  of  natural  magnets  is  represented  in  Pigs,  328 
aud  329.     The  parts  /  and  /'  arc  the  wings  of  the  armature,  and 

p  p'  the  feet.  The  wings  arc 
made  nearly  as  broad  as  the 
magnet,  and  about  one  line  in 
thickness.  The  dimensions  of 
the  feet  depend  upon  the 
strength  of  the  magnets. 

A  remarkable  phenomenon 
is  obsen'ed  in  natural  as  well 
as  artiiicia]  magnets,  which  has 
not  as  yet  been  satisfactorily 
explained,  we  mean  the  weaken- 
ing which  occurs  on  overloading. 
Let  us  assume  that  a  magnet 
can  bear  20  kilogrammes.  If 
now  we  daily  add  a  small  weighty  we  increase  its  power  of  bearing 
until  the  load  amount  to  30  or  40  kilogrammes ;  as  soon,  however, 
aa  the  lifter  is  severed  by  the  application  of  too  large  a  weight,  the 
strength  of  the  magnet  diminishes  considerably,  scarcely,  at  last, 
supporting  more  than  20  kilogrammes,  the  weight  from  which  we 
started.     But  if  we  attach   a   smaller  weight,  increasing  it  with 
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4!aution,  we  shall  find  that  after  aomc  time  the  magnet  has 
recovered  its  former  strength. 

MarfnrtisaiiQn  of  steel  needles  and  bars. — The  so-called  method 
by  separated  tonch,  ia  managed  by  placing  two  strong  bundles  of 
magnctfi,  sec  Fig.  326,  in  such  a  manner  that  the  axis  of  the  one 
coincides  with  the  line  of  ]>roIongatiou  of  the  axis  of  the  other,  and 
that  the  opposite  poles  are  inclined  towards  each  other,  as  seen  in 
•Kg:.  330,  where  /  represents  the  one  pole  of  one  bundle,  and  / 
^,g  330  the  opposite  pole  of  the 

other.     The  needle  to 
be   magnetised  is  now 
^f  laid   upon   a   piece    of 

wood  /,  to  which  it 
may  be  secured  to  pre- 
vent its  belnu;  displaced.  We  now  take  the  two  touching  magnets 
ff  and  ff't  each  in  one  hand,  and  holding  tlu'm  at  an  inclination  of 
about  25  or  30  degrees  towards  the  horizon,  place  them  in  the 
middle  of  the  rod  to  be  magnetised,  moving  thcni  gently  and 
regularly  in  such  a  manner  that  g  ff'  simultaneously  reach  the 
opposite  extremities  of  the  needle,  and  this  process  is  repeated 
several  times.  It  wdl  of  course  Ije  understood  that  the  touchuig 
magnet  must  touch  the  nee*11c  with  the  same  pole  towards  which  we 
direct  it.  This  method  is  especially  well  adapted  to  magnetise 
regularly  and  perfectly  such  magnets  as  arc  used  for  compasses,  or 
steel  bars  which  arc  not  more  than  4  or  5  millimetres  in 
thickncsH. 

The  double  touch  is  applied  to  prepare  steel  bars  which  exceed  4 
or  5  raillimetres  in  thickness ;  in  which  case,  the  method  above 
described  is  inadequate  to  the  purpose.     The  donbic  touch  is  thus 
rro.  331.  managed.     The  bar  to 

be    magnetised   is  laid 
bctwifn  two  bundles  of 
» f>.—  magnets,     which     are 

"^CTj  u^j^K"      placed  over  ita  centre 

as  described  in  the  former  method,  the  magnets  must,  however, 
be  less  inctined,  forming  only  an  angle  of  from  15  to  20  degrccH 
with  the  horizon.  Besides  this,  the  frictions  are  not  made  towards 
opposite  poles,  but  both  magnets  are  moved  towards  one  extre* 
mity  of  the  rod,  nn<l  then  back  the  whole  length.  After  the 
magnets  have  been  moved  together  sufficiently  long,  they  arc  again 
raised  from   the  middle  of  the   rod.     In  order  to   manage  this 


314 


DIRECTION    or    HA^NBTS. 


process  more  conveniently,  wc  niay  fasten  the  two  rabbinj^ 
magnets  to  a  kind  t>f  triangle  of  wood  or  brass ;  then*,  must, 
however,  at  all  eventSj  be  a  Rpace  of  about  5  or  6  milltmetrcs 
between  the  lower  parts  of  the  magnets ;  this  is  best  effected  by 
the  insertion  of  a  bit  of  wood,  brass,  or  lead,  as  represented  in  our 
Fig.  at  /. 

The  double  touch  communicates  a  very  strong  degree  of  magne- 
tism, but  it  cannot  be  safely  applied  to  magnetise  needles  for 
compasses,  or  bars  intended  for  nice  experiments,  since  it  alino«it 
always  gives  poles  of  unequal  strength,  thus  occasiomng  succcasirc 
stoppages. 


CHAPTER   II. 


OF  THE    UAONETIC   ACTIONS   OF   THE    EAKTB. 

Direction  of  magnets,  aeclinafion,  inclination. — A  magnetic  rod 
horizontally   su8])ended   by  a  silk  thread,  or  a  magnetic   needle 
revolving  easily  upon  a  point  in  an  horizontal  plane  (this  needle  is 
generally  made  in  the  form  of  a  rhomboid,   as  seen  in  Fig.  332, 
^jjj  232^  and  has  in  its  centre  an  agate  cap, 

which  reposes  upon  the  steel  point 
forming  the  j)ivot)  is  not  in  equili- 
brium in  all  positions,  but  takes  b 
defijiite  position,  directed  towards  one 
definite  point  of  the  horizon.  It  will 
always  return  to  this  position  after  a 
scries  of  oscillations  if  removed  &om 
it.  The  force  urging  the  needle  back 
to  this  position  is  magnetic ;  since  no 
phenomenon  of  the  kind  is  exhibited 
in  the  case  of  an  unmagnetiscd 
needle.  This  remarkable  property  of 
magnetism  is  observed  crerywhcrc ; 
hi  all  parts  of  the  world,  on  all  seas,  on  the  loftiest  summits  of 
mountains,  as  in  the  deejiest  mines,  the  magnetic  needle  assumes 
a  definite  direction,  to  which  it  will  invariably  return  if  removed 
from  it.  There  must,  consequently,  be  a  magnetic  force  which 
acts   at   all  points  of  the   earth's  surface,  for  magnetic  needles 
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con  no  more  takt;  up  a  direction  of  thctn»elves  than  a  body  can  set 
itself  into  motion ;  in  both  cases  the  iafluenee  of  somt-  foreign  force 
is  required.  We  may  prove  by  meana  of  a  simple  experiment,  that 
this  directing  force  acts  as  a  magnet,  and  not  as  a  mass  of  iron. 
If  we  entirely  invert  the  poles  of  a  magnetic  needle,  they  \rill  not 
be  in  equilibrium  in  their  new  position,  but  will  each  describe 
a  complete  semicircle  in  order  to  return  to  the  state  of  equilibrium, 
and  rcttssume  their  original  direction.  The  directing  force  conse- 
quently distinguishes  the  two  poles,  attracting  the  one,  and 
repclUng  the  other  like  a  magnet,  whilst  iron  will  equally  attract 
the  poles  of  a  magnet. 

When  we  combine  all  the  different  observations  that  have  been 
made  in  different  places,  we  arc  in  truth  led  to  regard  the  earth 
as  one  great  magnet,  who^e  uentral  line  ia  situated  in  the  region 
of  the  equator.  Hence  wc  have  a  means  offered  us  of  giving 
fitting  terms  to  the  two  poles  of  a  magnet. 

The  two  poles  of  the  great  terrcatrial  magnet  lie  in  the  vicinity 
of  the  poles  of  the  earth's  axis,  on  which  accoimt  we  name  the  one 
the  magnetic  north  pote,  and  the  other  the  magnetic  south  pole. 
These  contrary  poles  attract  each  other  however,  and  thus  a  mag- 
netic needle  will  turn  it^  south  pole  to  the  north,  and  its  north 
pole  to  the  south. 

,  This  designation  is  not,  however,  universally  received,  since 
some  designate  the  poles  of  a  magnetic  needle  in  a  totally 
op|K)Ritc  manner,  giving  the  name  of  north  pole  to  that  pole 
which  turns  towards  the  north. 

If  wc  suspend  two  magnetic  needles  at  the  same  place  at  such  a 
distance  that  they  exert  no  influence  on  each  other,  each  will 
asaiune  a  direction  parallel  with  that  of  the  other.  This  paral- 
Icllism  does  not,  however,  prevail  for  places  separated  by  the 
distance  of  several  degrees  of  latitude  or  longitude  from  each 
other.  It  is  of  the  greatest  importance  to  be  able  to  determine 
the  direction  of  magnetic  needles,  that  is,  to  compare  thcni  with 
lines  of  unvarying  position  in  order  to  ascertain  the  variations 
occurring  in  the  course  of  time  at  one  and  the  same  place  in  the 
direction  of  the  magnetic  needle,  and  the  relations  existing  between 
the  direction  of  magnetic  needles  at  different  places. 

The  magiietic  meridian  is  the  vertical  plane,  we  may  suppose, 
ptsnng  through  the  line  of  direction  of  a  horizontal  magnet,  or 
simply  the  section  of  this  plane  with  the  earth's  surface.    The  mag- 
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netic  meridian  of  a  place  makes  with  the  ustroiiouiiral  mertdian  an 
angle,  termed  the  declination  or  deviation.  The  declination  is  east  or 
Mwffi,  according  as  the  magnetic  needle  deviates  towards  one  or  the 
other  side  of  the  astronomical  meridian.  In  Fij;,  333,  for  instance, 
8  n  represents  the  meridian  of  a  place,  and  a  b  the  direction  of  the 
homontaJ  magnetic  needle  at  the  same  place.  The  western  decli- 
nation amounted  to  W  37'  30,55"  at  Gottingen  in  January  1837, 
We  shall  presently  see  that  the  declination  varies  with  the  time. 
There  arc  places  on  the  earth  where  the  direction  of  the  magnetic 
needle  exactly  coincides  with  the  meridian.  At  these  places  the 
declination  is  of  course  null,  or  at  0. 

Every  apparatus  serving  to  measure  declination  is  termed  h 
declination  compass. 

Fig.   33^i   represents  a  compass  of  simple  construction.     The 
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point  to  which  the  needle  is  suspended  is  the  centre  of  a  graduated 
horixoutal  cii-cle,  which  may  resolve  about  a  vertical  axis  in  its 
own  plane.  To  the  side  of  the  l>ox  a  telescope  is  attached,  whose  axis 
runs  parallel  with  the  line  which  we  may  suppose  drawn  from  O  on 
the  graduated  circle  through  its  central  point  tu  the  Unc  marked  180'^ 
On  revolving  the  horizontal  circle  in  its  plane,  the  extremity  of  the 
magnetic  needle  points  towards  other  lines  of  the  circle.  If  we 
place  the  apj)aratus  in  such  a  manner  as  to  let  the  needle  point  to 
0  of  the  scale,  the  axis  of  the  telescope  will  be  parallel  with  the 
needle,  coinciding  with  the  magnetic  meridian ;  but  in  c\'ery  other 
position  the  needle  will  point  to  that  number  of  the  circle  mark- 
ing the  number  of  degrees  of  which  the  angle  consists  which  the 
direction  of  the  needle  makes  with  the  axis  of  the  telescope ; 
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if,  therefore,  wc  bring  the  telescope  exactly  into  the  astrononiiral 
meridian,  wc  shall  see  on  the  graduated  eirele  the  angle  made  by 
the  mapn^etic  with  the  astrononiical  meridian. 

This  instrument  senea  especially  for  the  measurement  of  anglesj 
since  we  can  at  all  times  make  use  of  it  to  determine  the  angle 
which  the  optical  axis  of  the  telescope  (or  rather  its  horiEontal 
position)  makes  with  the  magnetic  meridian. 

The  declination  compass  generally  used  at  sea,  is  known  by  the 
nmme  of  the  Mariner's  Compass. 

On  the  whole,  the  direction  of  the  magnetic  needle  inclines  more 
to  tlic  north  and  south  than  to  the  east  and  west,  hence  it  is  usual 
to  say  that  the  magnetic  needle  points  to  the  north. 

The  magnetic  needles  wc  have  been  eon»idering,  are  suspended 
in  such  a  manner  as  only  to  revolve  in  n  hurizuntal  plane,  that  is, 
about  a  vertical  axis.  In  the  mode  of  suspension  represented 
Fig.  320,    and   also   in  Fig.  332,   the  horizontal  ))05itiDn  is 
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maintained  by  the  centre  of  gravity  of  the  needle  being  below  the 
point  of  suspension.  As  soon,  however,  as  we  suspend  a  magnetic 
needle  in  its  centre  of  gravity,  it  will  not  remain  equi-poised,  but 
will  make  with  the  horizon  an  angle,  which  is  termed  the 
inclinaiion, 

l^e  apparatus  represented  in  Fig.  335,  is  well  adapted  to  show 
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the  inclination  of  the  magnetic  needle.     lu  a  brass  frame,  sua- 
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pcnded  by  a  thread,  tliere  is  a  horizontal  axis  a  b,  which  moves 
very  readily,  passing  through  tlie  centre  of  grovity  of  the*  magnetic 
needle.  We  sec  that  a  magnetic  needle  thus  suspended,  can 
easily  move  round  a  vertical  or  a  horizontal  axis,  and,  therefore, 
that  it  can  freely  follow  the  directing  inliuence  of  the  earth.  The 
needle  places  itself  in  such  a  position,  that  its  line  of  dircctiou 
coincides  with  the  mai^netic  meridian;  but  the  extremity  of  the 
needle  turued  towards  the  north  dips  ;  consequently  the  Imc  of 
direction  of  the  needle  makes  an  an^lc  with  the  horizon,  which  in 
our  part  of  the  world  amounts  to  alwut  TO*. 

D'  the  needle  of  inclination  be  ajiplied  to  a  graduated  vertical 
circle,  vhose  planes  coincide  with  the  plane  of  rotation  of  the 
needle,  as  seen  in  Fig.  336,  we  may  ascertain  the  amount  of 
inclination  on  this  circle,  by  making  the  plane  of  the  vertical 
circle  coincide  exactly  with  the  magnetic  meridian.  «. 

An  apparatus  serving  to  measure  the  amount  of  inclination,  is 
termed  a  dipping  needle,  or  a  compass  of  inclination. 

The  inclination  generally  increases  as  we  approach  nearer  to  the 
north ;  in  many  places  the  dipping  needle  assumes  un  almost 
vertical  position;  thus,  for  instance,  in  the  year  1773  Captain 
Phipps  observed  at  79"  44'  north  latitude  an  inclination  of  82"  9', 
and  Parry  an  inclination  of  88"  43'  in  latitude  70"  47'.  Captain 
Rosa  has  at  last  reached  the  magnetic  north  pole  of  the  earth.  At 
70*  5'  N.  lat.,  and  263"  14'  E.  long,  from  Grttenwich,  he  found  the 
inclination  or  dip  to  be  90".  Tlie  inclination  of  the  magnetic 
needle  is  so  considerable  in  high  latitudes,  that  the  compass  loses 
much  of  its  practical  utility  as  has  been  shown  in  the  late  North 
Polar  Expedition. 

The  further  we  advance  towards  the  south,  the  more  the  inclina- 
tion decreases,  and  at  the  equator  we  come,  to  a  point  where  it  is 
absolutely  null,  where  consequently  the  needle  of  inclination  is 
perfectly  horizontal;  as  we  advance  further  to  the  south  we  again 
observe  an  inclination,  but  it  is  in  an  opposite  direction,  the  extre- 
mity of  the  needle  pointing  to  the  south  being  tin:  one  that  now 
dips.  This  inclination  iucrcases  likewise  with  the  increase  of 
Bouthem  latitude.  In  the  vicinity  of  the  south  pole  of  the  earth 
there  is  therefore  a  second  point  at  which  the  dipping  needle 
stands  perfectly  vertical,  and  this  i»  the  south  magnetic  pole. 

At  whatever  degree  of  geographical  longitude  we  may  pass  this 
cquatonal  zone,  wc  shall  always  tind  one  p<»int  where  the  neirdle 
will    be   perfectly    horizontal.      These    places   where  there  is  no 
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inelmation  form  a  curve  all  round  the  earth,  termed  the  magnetic 
efptator. 

The  ningnctic  equator  does  not  coincide  with  the  terrestrial 
equator,  or  form  any  regular  circle  of  the  earth's  sphere.  It 
attains  its  fi^'Viatcst  southern  latitude  on  the  Atlantic  Ocean  at 
about  28"  W.  of  Paris,  where  it  ia  then  about  l-l**  degrees  south 
of  the  terrestrial  equator.  The  two  equators  approach  each  other 
as  they  incline  to  the  west,  meeting  at  120*  W.  of  Paris ;  here, 
howcv*T,  instead  of  turning  to  the  northern  hemisphere,  it  again 
inclines  to  tlie  Hnulh  about  160"  W.  of  Paris,  in  order  to  reach  a 
second  southern  niuxinmni  of  3*'  75'.  At  174"  long,  it  cuts  the 
terrestrial  equator,  and  remaining  within  the  northern  hemisphere, 
intersects  the  terrestrial  equator  again  at  18'*  E.  of  Paris.  The 
inagnetic  equator  has  u  N.  lat.  of  11"  47'  at  62*'  £.  of  Paris; 
while  it  is  T  44'  at  150°  E.  of  Paris,  and  8^  57'  at  ISO^  E.  of 
Paris.  These  data  will  suffice  to  define,  in  general  terms,  the 
position  of  the  magnetic  equator  and  the  irregularity  of  its 
oourae. 

The  total  action  exerted  by  the  earth  upon  a  magnetic  needle, 
ia  simply  directive,  not  attractive,  since,  if  it  were  the  latter,  a 
magnetic  needle  would  necessarily  weigh  more  than  before  it  was 
magnetised.  If  we  lay  a  magnetic  needle  upon  a  cork  swimming 
in  water,  it  will  move  into  the  magnetic  meridian,  without 
evincing  any  tendency  to  doat  towards  the  north  as  we  might 
expect. 

If  we  bring  a  magnet  near  a  (loating  needle,  either  attraction 
or  repulsion  will  occur,  according  to  the  pole  of  the  magnet 
nearest  it;  the  needle  either  approaching  to,  or  receding 
from  the  magnet.  Mliy  docs  not  the  needle  move  towards  the 
north  magnetic  pole,  if  the  earth  be  nothing  more  than  a  large 
magnet  ?  The  reason  is  this  :  the  force  of  magnetic  attraction 
diminishes  with  the  distance,  as  we  shall  soon  see.  If  we  direct  a 
magnet  towards  the  Houting  needle,  the  two  poles  of  the  needle 
will  not  be  equally  distant  from  the  {lule  of  the  magnet ;  con- 
sequently the  repulsive  or  the  attractive  force  must  preponde- 
rate, and  forward  motion  be  produced.  The  north  magnetic  pole 
uf  the  trarth  is,  however,  so  extremely  rcuiole  from  the  tloatiug 
needle,  that  the  length  of  the  needle  docs  not  bear  any  appreciable 
projwrtion  to  the  distance,  the  one  pole  of  the  needle  is,  therefore, 
as  much  attracted  as  the  other  is  repulsed. 

Variations  of  declination  and  incOnation, — ^The  dcclinotion,  like 
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the  inclination,  is  variable  j  thus,  in  the  year  1580,  the  declination" 
at  Paris  was  11"  30'  E.,  it  then  (iimiiiishcd,  and  was  niiU  in  the 
year  1663;  from  this  time  the  declination  inclined  to  the  westward^ 
increasing  constantly  till  the  year  1814,  when  it  attained  its  maxi- 
mum  wc»t,  amoimttiiji;  to  22"  34',  and  again  began  to  decrease. 

The  inclination  of  the  majrnctic  needle  at  Paris  has  constantly 
diminished  from  the  year  1671,  when  it  amounted  to  about  76", 
it  being  now  alx)ut  67  V- 

These  gradual  changes  of  declination  and  inclination  arc  caHed 
secular  variations ;  they  are  not,  however,  the  only  changes  to 
which  the  direction  of  the  declination  is  subject. 

If  we  carefully  observe  the  decUuation  needle,  we  shall  find 
that  it  continually  makes  small  08cil]ation*t,  moving  altemat^-ly 
from  east  to  west  from  its  position  of  equilibrium ;  these  oscilla- 
tions arc  sometimes  regular  and  periodical,  sometimes  aecidcntAl 
and  abnipt.  The  former  are  teniied  the  diurnal  variations,  the 
latter  perturbations.  In  general^  the  north  end  of  the  needle 
continues  its  onward  motion  westward  from  sunrise,  and  beginning 
its  retrograde  motion  about  5  p.m. 

The  ampiitude  of  the  dinmal  variations,  that  is,  the  angle 
between  the  eastern  and  western  limits,  varies ;  being  sometimes 
only  5  or  6  seconds,  and  sometimes  amounting  to  \  minute. 

The  inclinHtiou  is  likewise  subject  to  simdar  variations. 

The  needle  of  declination  makes  very  strong  irregular  oscillations, 
amounting  often  to  more  than  a  degree,  on  the  appearance  of  au 
aurora  borealis  in  the  heavens. 

Earthquakes  and  volcanic  eruptions  also  appear  to  act  upon  the 
magnetic  needle,  producing  frequently  a  [H^rmaucnt  change  in  its 
position. 

Intensity  of  terrestrial  magnetism. — If  a  needle  of  inclination  be 
drawn  out  of  the  raa^etic  meridian,  terrestrial  magnetism  will 
endeavour  to  restore  it  to  its  position  of  equilibriuui ;  it  is  only 
on  leaving  the  needle  entirely  to  itself,  that  it  will,  after  a  series  of 
vibrations,  resume  its  position  of  rest.  The  period  necessarj'  for 
each  one  of  these  vibrations  depends  upon  the  mass  of  the  needle, 
the  strength  of  the  magnetism  developed,  and  likewise  the  force  of 
terrestrial  magnetism.  Thus  the  ><»nie  needle  will  vibrate  with 
more  or  less  rapidity  according  to  the  force  of  the  terrestrial  mag- 
netism acting  upon  it. 

We  have  thus  o  method  of  comparing  the  force  of  terrestrial 
magnetism,  as  manifcHted  at  diiferent  places  on  the  earth;  it  being 
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only  necessarj'  to  observe  the  number  of  oscillations  made  in  a 
detinitc  time  (as  5  minutes  for  instance],  in  diticrent  parts  of  the 
e«rth  by  the  same  needle  of  inclination,  and  by  this  mode  of 
obsi-rxation  we  may  easily  reckon  how  the  force  of  terrestrial 
ma^ctism  stands  at  one  place  with  regard  to  that  exhibited  at 
anotherj  for  the  intensities  of  terrestrial  magnetism  are  as  the 
squares  of  tlie  number  of  oscillations  made  in  an  equal  period  of 
time. 

The  obserratioDs  made  on  the  oacillations  of  a  needle  of  inch- 
natinn  can  never  yield  verj'  accurate  results,  and  therefore  the 
experiments  made  on  the  oscillation  of  horizontal  needles  or  rods 
are  preferable.  The  force  causing  the  needle  of  declination  to 
vibrate,  is  only  a  portion  of  a  horizontal  lateral  force,  itself  but  a 
part  of  the  niagnctii'  terrestrial  foret;  acting  in  the  direction  of  the 
needle  of  inclinatinn ;  if,  however,  the  horizontal  intensity  and  the 
aniount  of  the  inclination  be  kno^vn,  we  may  easily  compute  the 
whole  intensity. 

When  the  horizontal  intensity  of  the  terrestrial  magnetism  and 
of  the  inclination  is  known,  wc  may  easily  tind  the  whole  intensity 
by  construction. 

In  Fig.  337,  a  A  is  the  horizontal  intensity.  If  now 
we  make  the  angle  i  equal  to  the  inclination  observed 
at  the  some  place,  and  draw  a  perpendicular  Irom  h, 
a  e  will  represent  the  whole  intensity. 

If  i  =.  0,  the  direction  of  the  terrestrial  magnetic 
force  wdl  be  in  a  horizontal  plane ;  this  as  is  well 
known  is  the  case  at  the  magnetic  equator,  the  hori- 
zontal intensity  being  here  equal  to  the  whole  inten- 
sity. The  horizontal  portion  of  the  magnetic  terrestrial  force 
boromcs  larger,  the  nearer  wc  aj)proach  the  magnetic  equator ;  at 
the  magnetic  poles  of  the  earth,  wlierc  the  needle  of  inclination 
standa  in  a  vertical  position,  the  horizontal  portion  of  the  terres- 
trial magnetic  force  is  null. 

On  comparing  the  results  of  the  observations  that  have  been 
made  on  the  amount  of  intensity  at  different  places  on  the  earth's 
stirfaee,  we  arrive  at  the  following  general  result,  that  the  total 
intensity  is  smallest  in  the  vicinity  of  the  magnetic  equator, 
increasing  the  further  wc  move  away  from  it  towards  the  north 
or  south.  Ill  the  \'icinity  of  the  magnetic  poles  it  is  about  1,5 
times  greater  than  at   the  equator.     The   intensity   varies  also  at 


no.  a37. 
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the  same  place,  and,  like  the  declination  and  the  inclination,  is 
subject  to  diunial  variations. 

Influence  of  terrestrial  magnetism  upon  iron, — If  we  hold  a  rod 
of  soft  iron  from  6  to  10  deciuietreit  in  length  in  the  direction  of 
the  dip,  it  will  become  ma^ctic  by  the  influence  of  terrestrial 
magnetism,  its  lower  end  becoming  a  Bouth  pole,  and  its  upper 
end  a  north  pole,  as  may  be  easily  seen  by  bringing  a  small  seiiiu- 
tive  magnetic  needle  successively  in  the  vicinity  of  the  ends  of  the 
rod.  The  same  pole  of  the  needle  is  attracted  by  the  one  end  of 
the  rod,  and  rejiellcd  by  the  other ;  by  which  circumstance  wc 
may  at  once  perceive  the  polar  magnetic  condition  of  the  rod. 
On  inverting  the  rod  we  find  its  poles  have  changed,  the  lower 
end  being  again  n  south  pole,  and  the  upper  one  a  north  pole. 

The  same,  although  somewhat  modified  action  is  also  produced 
by  terrestrial  magnetism  on  a  vertically  suspended  iron  rod,  or 
indeed  on  any  iron  rod,  let  the  angle  it  makes  with  the  direction 
of  the  needle  of  inclination  be  what  it  may;  the  action  being, 
however,  less  in  pro]>ortion  as  it  recedes  from  the  direction  of  the 
needle  of  inclination.  Terrestrial  niafoietism  exercises  more  or 
less  strongly  the  same  influence  on  all  masses  of  iron  ;  all  soft  iron 
must  therefore  assume  a  polar  magnetism  under  its  influence,  as 
may  be  shown  with  more  or  less  distinctness,  according  to  circum- 
stancca.  If  a  rod  of  iron  be  magnetised  by  the  inilueuce  of 
terrestrial  magnetism,  a  few  strokes  of  the  hammer  wUl  suffice  to 
fix  the  magnetism,  and  therefore  to  convert  the  rod  into  a  perma- 
nent magnet;  by  striking  the  iron,  a  coercive  force  is  consequently 
imparted  to  it,  which  hinders  the  union  of  those  fluids  that  have 
separated  in  the  iron  by  the  influence  of  the  earth.  Wc  may  thus 
understand  how  almost  all  tools  in  the  workshop  of  a  locksmith 
become  magnets.  It  appears  that  chemical  changes  act  simdarly 
to  mechanical  disturbances  in  fixing  the  magnetism  imparted  by 
the  earth  to  the  iron,  for  wc  find  that  iron  rods  after  being  for 
any  length  of  time  in  a  vertical  position,  and  becoming  rusted 
acquire  a  pennanent  magnetism.  A  certain  individual,  named 
Julius  Caesar,  a  surgeon  at  Rimini,  first  obwrvcd  in  the  year  1590 
that  an  iron  rod  on  the  tower  of  the  Church  of  St.  Augustin  had 
become  magnetic  from  the  influence  of  the  earth.  At  a  subsequent 
period,  in  the  year  1630,  Gassendi  made  a  similar  observation  with 
regard  to  the  cross  on  the  steeple  of  the  Church  of  St.  John,  at 
Aix,  which  had  been  struck  down  by  lightning.     It  was  strongly 
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rusted,  and  Imd  all  the  properties  of  a  nmgiiet.  Since  that  time 
iiuuieruus  ubscrvations  of  this  kind  have  been  made,  and  it  has 
been  generally  found  that  iron  whieh  is  somewhat  rusted,  is 
always  more  or  less  magnetic. 

Oil  dipping  a  horee'shoe  ma^ct  into  iron  tilings^  the  latter  will 
arrange  themselves  in  &  toA  between  the  poles ;  if  wc  then  moisten 
them  with  oil,  and  expose  them  to  a  red  heat  while  they  renia'm 
under  the  influence  of  the  magnet,  a  partial  oxidation  of  the  iron 
will  take  place,  and  we  shall  obtain  a  tolerably  compact  mafts,  the 
composition  of  which  ia  similai*  to  that  of  natural  magnets,  and 
which  also  will  remain  permanently  magnetic. 

Diminution  of  magnetic  force  by  distance. — Since  we  have  now 
learnt  to  know  the  magnetic  action  of  the  c-arth,  we  may  alsso  inves- 
tig-fite  the  laws  liy  which  the  strength  c»f  miignetie  attrntrtioiis  and 
repulsions  diminish  as  the  distance  increases.  It  will  Ijc  readily 
understood  that  magnetic  actions,  like  all  other  actions  emanating 
from  one  point,  must  stand  in  inverse  relations  to  the  squares 
of  distance,  that  is  to  say,  at  2,  3,  or  4  times  the  distance,  the 
actions  will  be  4,  9,  or  16  times  less. 

When  we  endeavour  to  conflrm  this  law  by  ex])crimcDt,  wc 
labour  under  the  perulinr  difficulty  of  being  unable  ever  to  try  the 
experiment  on  one  magnetic  pole,  without  having  to  contend  with 
the  counter  influence  of  the  other  pole ;  we  must,  therefore, 
endeavour  to  make  the  distance  between  the  poles  so  great,  as  to 
destroy  the  disturbing  inHuence  exercised  by  the  one  over  the  other. 
Let  us  suppose  a  magnetic  needle  so  suspended  by  a  tiirt>ad  of 
untwisted  silk,  as  to  be  able  to  oscillate  freely  in  a  horizontal  plane, 
while  it  is  sufficiently  protected  from  disturbing  currents  of  air. 
This  needle  must  be  Hrst  left  to  oscillate  under  the  sole  inllucncc  of 
terrestrial  magnetism.  lict  n  be  the  number  of  oscillations  observed 
in  a  minute,  and  m  the  horizoutai  portion  uf  the 
magnetic  terrestrial  force  acting  upon  it. 

liCt  now  one  pole  of  a  highly  magnetised  steel  bar 
act  upon  the  needle.  This  steel  rod  is  to  be  brought 
•J^  into  the  magnetic  meridian  of  the  needle  n  «  in  a 
vertical  position,  so  that  the  pole  a  of  the  needle 
IS  to  be  turned  towards  the  pole  N  of  the  bar,  on 
wliich  it  will  act  attractively. 

The  bar  N  S  must  he  so  large  that  the  distance 
$  N  may  he  as  small  as  possible,  in  comparisoa 
with   the   distance   a  S,   so   that   we   may    neglect 
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the  action  of  the  pole  S  on  a,  without  committing  any  scrioua 
error. 

If  we  designate  by  n'  the  number  of  oscillations  of  the  needle  for 
the  case,  where  the  pole  N  of  the  bar  N  S  acts  upon  the  needle  from 
a  definite  distance,  and  call  the  force  accelerating  the  motion  of  the 
oscillating  needle  f,  we  shall  have,  in  accordance  with  the  former 

expenxnentj  -^  ^  -5-. 

Supposing  the  needle,  under  the  sole  influence  of  terrestrial 
magnetism,  to  make  15  oscillations  in  one  minute,  and  41  when 
pole  N  of  the  bar  is    removed,   4  inches  from  the  needle,   we 


shall 


have,     jr  =  ^. 


We  must  now  remove  the  bar  to  twice  as  great  a  distance, 
so  that  JV  is  8  inches  from  the  needle,  and  then  observe  the 
number  of  oscillations;  supposing  we  ilnd  their  number  in  one 
minute  n"=24,  we  shall  have,  if  we  designate  as  /'  the  force 

acting  in  this  case  upon  the  needlcj  =V  =  tw- 

The  amount  f  is  evidently  the  sum  of  the  terrestrial  magnetic 
force  and  the  attractive  force  exercised  by  the  pole  N  at  the 
distance  of  4  inches  upon  the  needle  j  the  latter  is,  therefore, 
evidently  f  — /.  In  like  manner,  the  attractive  force  exercised 
by  the  rod  at  a  distance  of  8  inches  upon  the  needle  is  /"  — /. 
By  the  combination  of  the  two  latter  equations,  we  shall  have  the 


following  result : 


/— /  _  41'  —  15^  _  1456 


=  ^FT  =  4,1. 


7"  — /  ~"  2F^-T5'        351 
This  experiment  shows,  therefore,  that  the  attractive  force  of  a 
magnetic  pole  acts   with   nearly  four  times  less  intensity    when 
removed  to  twice  the  distance. 

Weber  has  indirectly  proved  the  truth  of  this  proposition  by  his 
investigations,  not  merely  on  the  action  of  a  single  pole,  but  on 
that  of  the  whole  magnet  at  greater  distances.  He  has  shown 
that  if  a  magnetic  bar  be  small  in  compariaon  with  the  distance  at 
which  it  acts,  the  total  action  of  the  magnet  must  diminish  in 
an  inverse  ratio  to  the  third  power  of  the  distance,  provided  the 
action  of  a  single  pole  really  stand  in  an  inverse  relation  to  the 
squares  of  the  distance. 

In   Fig.  339,   a  £  is  a  magnetic  bar,  1  decimetre  in  length, 
no.  339.  whose  centre  is  10  decimetres  from 

, ,  ^     the  |)oint  c  ;  the  distance  of  the  pole 

■   '  b  from  c  is,  therefore,  9,5,  and  that 
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of  the  other  pole  lOjO**".  If  now  c  be  a  magnetic  pole,  and  if 
wc  designate  as  1  the  force  with  which  the  poles  h  and  c  would 
attract  each  other,   supposing  them  to  be  1*"  from  one  another, 

1  1         ,    ,. 

if  toe  attracting  ac> 


the  attractive  force  will  be  tt-zt-  ^ 


9,5^        90,25' 

tion  of  the  pole  stand  in  an  inverse  relation  to  the  squares  of 
distance.     From  the  same  data,  the  value  of  the  repulaive  action 

of  the  poles  b  and  c  is  ttttj  =   .,»g-,  the  total  action  exercised 

by  the  magnet  a  b  upon  c,  is  therefore, 

I  1  20 


90,25        110,25  "  9960' 

If  now  we  remove  the  magnet  to  double  the  distance  of  Cj  that 

is,  if  wc  place  it  in  such  a  manner  that  the  middle  is  20^*"  from  c, 

the  distance  b  c  being   equal  to  19,5,  the  distance  a  c  will   bo 

20,5*^,  and,  consequently,  the  total  action  of  the  magnet  will 

be  OS  follows : 

1     _     1     __\ 1       _      40 

19;55       20;55  ~  380,25        420,25  ~  159800* 

If,  therefore,   we   move   the   magnetic   bar   to   a   distance  of 

20^,   instead   of   10**°   only,   its   action    must   diminish    in   the 

20  40  . 

relation'of         _  to     ^^^^,   provided  the  action  of  each   Bepn- 
»/i/OU  IDtfoUU 

rate  pole  stand  in  an  inverse  relation  to  the  squares  of  distance. 

20  40      _    1  a  15980 

"  995  * 


But; 


=  8,    at    double 


9950  ■  159800       995  "  15980         1990 
the  distance,  the  total  action  of  the  magnet  is  8  times  weaker, 
and  8  is  the  third  power  of  2. 

What  we  have  shown  here  by  particular  examples,  may  also  be 
generally  proved,  as  it  admits  of  a  general  proof  that  the  total 
action  of  a  magnet  must  be  in  an  inverse  ratio  to  the  third  power 
of  the  distance,  if  the  action  of  one  single  pole  stand  in  an  inverse 
relation  to  the  squares  of  the  distance. 

Wc  will  now  adduce  an  experiment,  by  which  the  total  action  of 
a  magnetic  bar  is  shown  to  be  as  the  third  power  of  the  distance, 
provided  the  magnet  be  small  in  comparison  nith  this  distance. 

A  bar,  1"  in  length,  and  divided  into  half  decimetres,  most  be 
so  laid  that  its  direction  may  be  at  right  angles  to  the  magnetic 
meridian.  A  small  conipai»  is  then  placed  in  the  middle,  as 
represented  in  Fig.  3-10.     The  needle  of  this  compass  will  stand 
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at  0,  if  the  magnetic  terreatrial  force  be  the  ouly  one  acting  upon 
it.     If,  however,  a  ma^ct  be  laid  sideways  upon   the  rixl,  the 

no.  MO. 


:m 


needle  will  be  turned  aside ;  and  then  this  deviating  force  will 
be  proportional  to  the  tanpent  of  the  an  pie  of  deviation. 

Let  us  now  lay  a  magnetic  bar  1*™  in  length,  in  such  a  manner 
{aa  seen  in  Fig.  3iO)  that  its  middle  may  be  45'"'  from  the 
middle  of  the  compass.  In  such  an  experiment  the  deviation 
will  amount  to  114"- 

If  the  magnetic  bar  n  «  be  now  placed  in  such  a  manner  that 
its  centre  is  30™  from  the  centre  of  the  compass,  the  deviation 
will  amount  to  35^". 

The  distances  here  arc  to  each  other  as  30  to  46,  or  as  2  to  8 ; 

the  tangents  of  the  angles  of  deviation  must,  therefore,  be  as  2^  to  8*, 

27 
or  as  8  to  27;  and  here  we  6hall  have  ^=3^375. 

Butthe  tangent  of  1 1  V'  =  0,20:J4.,  the  tangent  of  35^  =  0,7115, 

and   „'  Qg.  =  3,49;  the  tangent  of  the  angles  of  deviation  arc, 

therefore,  very  nearly  as  8  to  28,  or  ns  the  third  powers  of 
the  distances. 
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CHAPTER    I. 


Ol*     ELECTHICAL     ACTIONS. 

There  are  bodies  wkiek  by  friction  acquire  the  property  of 
attractiwj  liyht  budieg. — Wc  uiay  rasily  convince  ourbclvcs  tluit 
bodies  in  their  ordinary  condition  <lo  not  possess  the  property  of 
attracting  li^rtit  iKxlies,  as  gold-leaf,  sawdust,  pnper-cuttin^,  balls 
of  the  pith  of  the  ildcr,  &c. ;  but  if  we  rub  a  plass  rod,  or  a  piece 
of  sulphur,  or  sealing-wuXj  or  amber,  &c.,  with  u  woollen  or  silk 
no.  341.  substance,  these  bodies  will  immediately  acquire 
this  remarkable  property.  This  attractive  force 
ia  IK)  great,  that  even  at  the  distance  of  more 
than  a  foot,  light  bodies  are  drawn  towards  the 
attracting  body  (Pig.  341).  The  cause  of  this  pbeuomeuon  is 
railed  Electricity. 

We  may  make  use  of  the  electrical  pendulum^  (represented  in 

Pig.  342),   in   order  to  ascertain    whether   a 

body  will  liocoiuc  electrical  by  friction.     This 

apparatus  consists  of  u  small  ball,  made  of  the 

pith  of  the  cider,  and  suspended   to   a  fine 

linen   thread.     If  we  would  test  a  body,  wc 

bring  it  towards  the  ball ;  if  it  be  not  attracted, 

it  is  cither  non-electric,  or  too  slightly  electric 

to  produce  any  effect. 

jii  %  Ry  the  aid  uf  the  electric  pendulum,  it  may 

*^"  be  shown  that  all  resins,  amber,  sulphur,  and 

glass,  become  Btrc»uply  electric  by  friction  ;   the  precious  stones, 

w<«jd,    and   charcoal,    seldom    give    the    slighteat    indications    of 

attraction  ;  metnl^  do  not  apiicar,  at  first  sight,  to  admit  of  being 
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made  electric,  for  we  do  not  perceive  the  least  trace  of  attraction  m 
this  apparatus  on  forcibly  rubbing  a  metAl  rod.  All  bodies  thus 
fall  under  two  great  classes ;  that  is,  such  as  become  electric  by 
friction,  and  such  as  do  not  thus  acquire  an  f.lectric  condition. 
The  former  we  term  idioclectric,  the  latter  anclectric  bodies. 

This  division  is  founded,  however,  upon  an  erroneous  view, 
for  it  has  been  found  that  all  bodies,  even  metuls,  can  l>e  made 
electric  by  friction,  and  although  we  may  be  unable  in  many 
bodies  to  perceive  any  trace  of  electricity  from  friction,  the  cause 
depends  upon  other  circumstances,  of  which  we  shall  soon 
treat. 

Conductors  and  non-conductors. — It  was  formerly  supposed  that 
the  bodies  designated  by  the  term  anelcetric,  could  not  by  any 
means  be  brought  into  an  electric  condition.  In  1727,  experi- 
ments were  made  with  a  glass  tube  open  at  both  ends  on  this 
subject  by  Grat/j  an  English  natural  philosopher.  He  wanted  to 
see  whether  it  would  become  electric  if  closed  up  at  both  ends 
by  a  cork  stopper.  At  that  epoch  science  was  so  little  advanced, 
that  experiments  were  made  at  random,  there  being  neither 
hj-pothesis  nor  theory  by  which  to  euuduet  the  course  of  investi- 
gation. To  his  great  astonishment,  Gray  found  that  the  stoppers 
themselves  had  become  electric,  although  cork  belonged  to  the 
substances  reckoned  nneleetric.  A  metal  wire  passed  through  the 
cork  became  electric,  independently  of  the  length  at  which  it  waa 
used;  having  successively  carried  the  electrical  rod  to  the  first, 
second,  and  third  stories  of  his  house,  and  let  the  metal  wire 
descend  to  the  ground.  He  rubbed  tlie  glass  tube,  while  a  friend 
brought  light  bodies  to  the  lower  end  of  the  wire,  on  which 
they  were  instantly  attracted  by  it.  It  follows  from  thence,  that 
metals  have  the  pro]»erty  of  assuming  and  imparting  to  other 
bodies  an  electric  condition.  The  same  property  is  possessed, 
however,  by  all  anelcetric  bodies,  and  hence  they  have  been 
termed  conductors  of  electricity.  Idioclectric  bodies,  on  the  other 
hand,  are  non-conductors ;  for  when,  by  friction,  we  make  one  end 
of  a  glass  tube  electric,  the  other  end  exhibits  no  trace  of  attrac- 
tion. 

We  may  easily  demonstrate  this  fundamental  truth  by  the  aid 
of  an  electrifying  machine,  of  which  we  may  make  use  to  develop 
electricity,  without  knowing  the  principle  of  its  construction.  The 
conductor  of  (he  maehiuc  is  a  metallic  body,  which  is  made  electric. 
If  wc  bring  in  contact  with  the  conductor,  when  in  an  electrified 
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cnnditioD,  a  metal  wire  ftuspended  by  a  silk  thread,  or  better  »ti11j 
Bomc  cyliiidnciil  metid  body  standing  on  a  glass  pedt-utal,  the 
uietal  will  be  electrified  through  its  whole  extent ;  as  8oun>  how- 
ever, as  it  be  connected  with  the  earth  by  means  of  any  good 
conductor,  all  its  electricity  will  instantly  disapjH'ar. 

Prom  this  it  followfi  that  silk  threads  aud  glass  rods  are  non- 
conductors  of  electricity  insuiaton.  A  conductor  of  electricity 
can,  therefore,  only  reuiain  electric  as  long  aa  it  is  ijuuiateii,  that  is, 
surroujided  by  perfect  non-conductors.  The  air  must  be  an  mru- 
iator^  since,  if  it  were  not  s<»,  electricity  would  be  instantly  with- 
ilrawn  by  the  atmosphere  from  metals.  Water  and  sti'nm  are 
good  conductors,  consequently,  when  the  atmosphere  is  damp  the 
ek*<-tnrity  will  soon  be  lost,  which,  in  a  dry  condition  of  the  air 
would  have  adhered  tu  an  insulated  conductor  for  a  long  |>criod  of 
time. 

The  human  body  is  likewise  a  good  conductor.  If  we  stand  on 
the  ground  and  lay  hold  of  the  conductor  of  an  clectriiS'ing  machine, 
all  the  electricity  evolved  from  turning  the  machine  wdl  immediately 
escape,  but  if  we  stand  upon  a  bad  conductor,  as  a  piece  of  resin, 
the  whole  body  will  become  electric.  This  explains  the  reaaon  of 
a  metallic  rod  not  becoming  electrie  by  friction  when  we  hold  it  in 
the  hand ;  all  the  electricity  obtained  by  the  friction  being  imme- 
diately given  off  to  the  human  body,  and  thence  to  the  ground. 

The  best  insulators  may  become  conductors  if  they  be  covered 
with  condensed  vapour.  It  is,  therefore,  of  the  greatest  import- 
ance to  the  successful  result  of  electrical  experiiuents,  that  the 
glass  feet,  resin  tikIh,  &e.,  naed  for  insulating  a  conductor,  should 
be  well  dried  by  warmth  and  friction. 

Instead  of  dividing  bodies  into  conductors  and  non-conductors, 
we  ought  more  correctly  s|)eaking  to  term  them  good  and  bad 
conductors,  since  there  do  not  exist  any  abs<.ilute  non-conductors; 
shell-lac,  more  especially  resin,  silk  and  glass  are  the  worst  con- 
ductors wc  have,  while,  on  the  contrary,  metals  constitute  the  best 
conductors. 

Of  tfie  two  kinds  of  electricity. — Let  us  take  a  simple  electrical 
pendulimi  (sec  Fig.  342),  whose  nob  is  suspended  to  a  silk  thread. 
If  we  now  bring  a  rubbed  glass  or  shcll-lac  rod  to  the  pcndulimi, 
the  pith  ball  will  be  strongly  attracted,  then  touch  the  rod,  and  after 
adhering  to  it  for  some  minutes  will  be  repelled.  Tliis  repulaioa 
depends  upon  the  electricity  communicated  to  the  ball  by  contact 
with  the  rod,  for  on  touching  it  with  the  hand,  and  then  bringing  it 
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back  to  its  natural  condition  it  will 
ri(i.  313. 
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again  attracted,  and  repelled 
after  a  second  time  being  brought 
into  contact. 

It  foUows  that  tlie  repelled 
ball  is  really  electric  from  its 
being  attracted  by  bodies  in 
their  natural  condition,  pronded 
we  make  choice  of  conductors  for 
the  experiments.  If  we  take 
two  ini*nlnted  pendiilunie,  one 
of  which  has  been  nindc  electric 
by  contact  with  a  glass  rod  rubbed  with  nilk,  and  the  other  by  a  rod 
of  shcll-lac  nibbed  with  fur  or  Hanncl,  wc  shall  perceive  the  following 
remarkable  phenomena.  The  ball  that  has  been  rpi>cllcd  by  the  glaas 
rod  will  be  attracted  by  the  ahell-lac  rod,  while  the  one  repelled  by 
the  shell-lac  will  he  attracted  by  the  glaKA.  The  electricity  evolved 
from  glass,  consequently,  ia  not  identical  with  that  evolved  from 
resinsj  since  the  one  attracts  and  the  other  repels. 

These  two  kinds  of  electricity  have  received  the  names  of  mtrfoug 
and  resinous  electricity.  The  former  is  also  termed  positive,  and 
the  latter  negative.  The  discovery  of  these  two  different  kinds  of 
electricity  was  made  by  Diifay  in  the  year  1773. 

Of  the  electric  fluids  and  the  vattcral  condition  of  bodies. — Owing 
to  the  rapidity  with  which  electricity  distributes  itself  throuj^h 
conductors,  it  has  been  concluded  that  it  must  be  a  body  endowed 
with  remarkable  powers  of  motion,  and  from  the  laws  of  vitreous 
and  resinous  electricity,  it  has  been  further  at^suiued  that  there 
must  be  two  electric,  as  there  are  txvo  magnetic,  fluids.  WTien 
these  two  fluids  are  united  in  one  body,  and  when  they  mutually 
neutralise  each  other  in  that  body,  the  body  ia  in  its  natural  con- 
dition..  If,  however,  the  two  electricities  are  decomposed  in  a 
bo^,  it  will  become  electric,  positively,  if  the  vitreous  electricity, 
and  negatively,  if  the  resinous  electricity  predominates.  There 
exists,  however,  an  essential  difference  between  the  electric  and 
magnetic  fluids ;  the  latter  being  as  it  were  enclosed  in  the 
magnetic  particles,  while  the  electric  fluid  can  pass  freely  from 
one  body  to  another. 

If  +  electricity  be  given  off  by  friction  in  a  body,  —  electricity 
must  be  developed  in  an  equal  degree.  \Vc  may  bIiow  this  by  a 
simple  exi)crimcnt.  W  wo  rub  together  two  discs  of  different 
substances,  which  are  insulated  by  glass  rods,  they  will  exhibit  no 
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no.  344.    trftce  of  electricity  80  long  as  they  rest  on  each  other  ; 

ABS  soon,  howevcfj  as  they  are  separated,  the  one  will 
be  found  to  be  positively  electric,  and  the  other  nega- 
tively so  and  in  an  equal  degree.     This  experiment  is 
beat  exemplified,  where  one  disc  is  of  glass  and  the  other 
^b|^^    of  some  wood  covered  with   leather,  which  has  been 
JM        rubbed  over  with  amalgam .     AVc  may  also  take  discs  of 
I         any  other  substance,  such  as  resin,  metal,  &c.,  covering 
■         them  with  different  materials  to  vary  the  experiment, 
as  for  instance,  with  cloth,  silk,  paper,  &c. 

Since  a  body  in  its  natural  condition  contains  both  electricities 
in  equal  quantities,  there  is  no  reason  to  suppose  that  it  is  disposed 
to  take  up  and  retain  either  kind  in  particular ;  it  may,  therefore, 
become  positively  or  negatively  electric,  according  to  the  substance 
vrith  which  we  rub  it.  Glass,  for  instance,  becomes  positively 
electric  when  rubbed  with  wool  or  silk,  and  negatively  so,  when 
niblx,-d  with  cat-skin.  In  order,  therefore,  to  designate  the  fluids 
distiuctly,  we  must  thus  express  ourselves.  Positive  or  +  elec- 
tricity is  that  kind  of  electricity  assumed  by  glass,  on  the  latter 
being  rubbed  with  wwd  or  silk ;  negative  or  —  electricity,  on  the 
contrary,  is  that  kind  developed  by  resins  rubbed  with  cat-skin,  wool 
or  silk.  If  we  suppose  a  list  of  different  bodies  to  be  so  drawn  up, 
that  each  one  when  rubbed  with  all  those  succeeding  it  becomes  posi- 
tively a  +  electric,  we  shall  soon  remark  how  the  smallest  change  of 
circumstances  alters  the  order  of  this  scries.  A  change  of  tcmjiera- 
lurc,  for  instance,  may  oblige  us  to  move  the  body  upwards  or  down- 
wards in  the  series.  The  same  action  is  ofti'n  produced  by  making 
the  surface  of  a  body  loughcr  or  smoother.  The  colour,  the  arrange- 
ment of  the  molecules  or  fibres,  or  simply  a  more  or  less  strongly 
applied  pressure  may  produce  similar  phenomena.  A  black  silk 
riband,  for  instance,  will  be  negatively  ele-ctrified  when  rubbed 
with  a  white  silk  riband.  Even  on  rubbing  two  pieces  of  the 
riband  crosswise  together,  the  oac  used  for  nibbing  will  become 
jHisitively  clirtrified,  and  the  other  negatively  so.  Again,  on 
rubbing  a  [>olishcd  gloss  disc  upon  a  ground  glass  disc,  they  will 
likewise  become  oppositely  electric,  &c. 

Communication  of  electricity. — Free  electricity  may  pass  from 
one  body  to  another,  as  well  by  immediate  contact  oa  at  great 
distances,  the  communication  depending  upon  the  capacity  of 
the  body  for  conducting  electricity  and  thu  amount  of  its 
surface. 
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On  being  brought  into  contact  with  an  electrified  body,  bad 
conductors  only  take  up  electricity  at  the  place  of  contact  without 
its  being  transmitted  over  their  whole  extent.  If,  on  the  other 
hand,  we  touch  an  electrified  insulator,  it  will  lose  its  electricity 
only  at  the  spot  touched,  the  remainder  of  its  surface  continuing 
electric  as  before.  This  uiay  be  easily  seen  by  means  of  a  rubbed 
piece  of  sealing-wax,  or  a  glass  rod.  The  case  is  very  different  with 
good  conductors.  When  touched  at  one  point  by  an  electric  body, 
the  electricity  will  be  diffused  over  the  whole  conductor,  and  if  we 
brin^  an  insulated  electrified  conductor  into  contact  with  the  earth, 
it  will  immediately  lose  its  electricity. 

Electricity  may  also  pass  from  one  body  to  another  without 
immediate  contact,  and  here  we  remark  the  extraordinary  pheno- 
menon of  the  electric  spark.  On  bringing  a  metal  rod  or  one  of 
the  knuckles  near  a  rubbed  glass  or  shell-lac  rod,  we  sec  a  brightly 
shining  spark  emitted,  and  hear  a  crackling  noise.  If  the  elec- 
trified body  be  an  insulated  metal  of  considerable  surface,  as  the 
conductor  of  the  electrifying  machine,  the  sparks  will  be  more 
virid,  passing  under  some  circumatauces  to  a  distance  of  12  inches ; 
their  light  will  then  be  dazzlingly  bright,  and  the  noise  accompany- 
ing them  very  loud. 

Otto  von  Guericke,  the  inventor  of  the  air-pump,  was  the  first 
who  observed  electric  sparks.  Sulisctjuently  Dufay  proved  to  the 
astouiahnient  of  every  one,  that  they  might  be  drawn  from  the 
human  body  as  from  the  conductor  of  a  machine. 

To  make  this  experiment,  wc  must  stand  upon  a  piece  of  resin, 
or  a  stool  with  glass  legs  (an  insulated  stool)^  and  bring  our  body 
into  contact  with  the  conductor  of  the  machine.  On  turning  the 
machine  we  shall  be  concious  of  a  peculiar  sensation  upon  the  skin, 
especially  the  face,  like  as  if  wc  were  entangled  in  a  web.  ITie  hair 
on  the  head  will  stand  on  end-  If  now  the  electrified  human  body 
be  brought  into  contact  with  an  insulated  conductor,  as  another 
person  for  instance,  and  the  latter  advance  the  knuckles,  a  spark 
will  be  emitted,  which  will  be  felt  in  proportion  to  the  distance 
it  has  traversed. 

Electricity  always  distributes  itself  according  to  the  amount  of 
surfaces  on  passing  from  one  insulated  conductor  to  another ;  in 
order  therefore  to  deprive  an  insulated  conductor  of  all  its  elec- 
tricity, wc  must  bring  it  into  contact  with  another,  having  an 
infinitely  larger  area,  as  for  instance  with  the  ground,  for  it  is 
thus  brought  in  contact  with  the  whole  earth's  surface,  in  which 
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its  electricity  is  wholly  lost  from  being  regularly  distributed  over 
to  vast  ail  extent.  If  we  were  to  bring  an  insulated  elec- 
trized metal  ball  into  contact  with  another  equally  large,  like- 
wise insulated  and  non-electric^  the  former  would  lose  exactly  half 
its  electricity.  On  bnnging  an  insulated  metal  ball  near  the 
conductor  of  an  electrifying  machinci  only  faint  sparks  wUl  be 
drawn  (rom  the  machine  by  meana  of  a  non-insulated  con- 
ductor. 

A  taper  that  has  been  just  extinguished  may  be  relighted  by 
an  electric  spark.  In  like  manner,  ether  and  alcohol  may  be 
influenced  by  the  electric  spark ;  to  effect  this  we  must  pour  the 
fluid  into  a  metallic  vessel^  and  bring  near  to  the  surface  of  the 
fluid  the  elcetritied  body  from  which  the  sparks  are  to  be 
emitted. 

no.  545.  The  electric  pUtol  is  represented  in  Fig.  345. 

It  is  a  small  metallic  vessel  secured  by  a  cork 
stopper.  A  metal  wire  termiuattug  in  two  small 
balls  b  and  b'  penetrates  into  the  vessel  without 
being  in  contact  with  the  wall.  For  the  purpose 
of  effecting  this,  the  wire  is  fastened  with  sealing- 
wax  into  a  glass  tube  /  /',  and  this  cemented  into 
an  aperture  of  the  lateral  wall.  The  electric  spark 
conducted  by  the  wire  passes  from  the  ball  A'  to 
to  the  opposite  wall.  If  now  the  vessel  be  filled 
with  an  explosive  gas,  as  a  mixture  of  hydi-ogen  and  atmospheric 
air  the  spark  will  produce  such  an  effect  by  the  explosion  of  the 
machine  as  to  cauac  the  stopper  to  be  propelled  with  a  loud  report. 


CHAPTKK    II. 


ELICTRICITY    BY    tNOUCTlOH. 


We  have  seen  that  each  of  the  electric  fluids  repels  the  like 
fluid  and  attracts  the  opposite.  This  attraction  and  repulsion  not 
only  shows  itself  in  the  decomposed  fluids  but  on  those  stUI  in 
combination,  whence  it  hapiKins  that  the  combined  electricities  of 
a   body   in  a  natural  condition  arc  disturbed  by  the  approxima- 
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fto.  546.  tjyn  uf  Bii  clfctric  body.     liCt  a  ring  of  metal 

be  attuched  to  an  insulated  hook,  atid  ha\'c 
two  metallic  thrcadu  {wssing  through  it,  at  the 
end  of  which  are  two  pith  balls.  On  the  Hp- 
proHch  of  an  elastic  body  r,  the  lialla  will  start 
away  from  each  other  tven  when  r  is  very  far 
removed,  and  no  spark  is  transmitted  to 
them.  11)18  divergence  increases  the  nearer 
we  bring  r, 

It  is  evidently  not  the  effect  of  transmitted 
electricity,  for  the  pendulums  fall  together  the 
moment  we  remove  r.     Tlie  electricities  which 
were  combined    ui  the  metallic  ring  and  the 
pendulums  before  the  approximation  of  r,  have 
no.  347.     been  separated,  that  kind  of  electricity,   which  is  like 
that  of  r,    is  repelled  towards  the   balls,   whilst   the 
opposite  is  attracted  to  the  ring.     If,  therefore,  the 
electric  body  r  is  a  nibbed  rod  of  resin,   that  is  — 
electric,    the   ring  will    become    +    electric,   and  the 
balls  — . 

We  may  demonstrate  by  means  of  a  test  disc,  that 
the  two  kinds  of  electricity  an:  really  distributed  in  the 
way  indicated.  A  test  disc  is  made  of  gold  leaf,  or 
gold  paper,  from  1  to  2  centimetres  in  diameter,  and 
fastened  to  a  long  rod  of  shell-Iac,  or  thin  glass  rod 
covered  with  varnish.  If  we  touch  the  ring  with  this 
disc  whilst  the  negatively  electric  body  r  is  so  near  it 
^^^^  that  the  pendulums  diverge,  the  test  disc  will  be 
charged  with  the  electricity  of  the  ring,  the  nature  of  wliich  we 
shall  learn  by  bringing  near  the  disc  a  simple  electric  pendulum,  to 
which  electricity  has  ahvady  been  impart<;d.  Supposing  that  the 
simple  pendulum  has  been  made  +  electric  by  contact  with  a 
glass  rod,  it  will  be  repelled  by  the  test  disc,  since  the  latter,  as  well 
as  the  ring,  is  +  electric. 

This  experiment  may  be  conducted  as  follows.  We  must  attach 
to  each  hook-like  extremity  of  a  metal  rod,  supported  on  an  insu- 
lated glass  stand,  a  couple  of  pendulums  having  conducting 
threads  made  cither  of  slender  metallic  wire  or  linen  threads. 
Both  these  double  pendulums  will  diverge  on  the  appi'oach  of  an 
electric  body  r,  the  balls  of  the  one  pair  being  charged  with  + , 


pendulums  will  again  approach  each  uther^  because  the  spparated 
elcctricitiL's  then  i  in  mediately  combine. 

A  body  clcctrificU  by  induction  acta  on  its  part  again  by  induc- 
tion u)x»n  other  bodies  brought  sufficiently  near  it,  that  is,  within 
its  sphere  of  nctivity,  which  may  extend  to  a  considerable  distance. 
A  glance  at  Figs.  3-19  to  352  will  suffice  to  show  the  arrangement 

riG.  349. 


no.  3a0. 


no.  3&1. 


that  must  be  made  in  order  to  demonstrate  the  truth  of  this 
by  experiment ;  m  is  the  conductor  of  an  clcctrifnng  machine,  e 
one  insulated  metallic  cylinder,  c'  auothcFj  6  a  metallie  ball,  and  b* 
a  pith-ball, 

If  by  means  of  a  conducting  medium  we  bring  an  insulated 
conductor  (electrified  by  uiduction)  into  cuntact  with  the  ground 
while  the  electric  body  stilt  acts  inductive  by  its  approximation, 
all  the  repelled  electricity  will  be  carried  off  by  the  earth,  and 
the  insulated  conductor  will  only  remain  charged  with  the  elec- 
tricity attracted  from  the  inductive  body  r.     If  we  again  destroy 
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the  commuDication  with  the  earthj  and  remove  r,  the  msulated 
conductor  will  be  charged  throughout  its  whole  extent  with  the 
same  electricity. 

The  apparatus  iu  Fig.  346,  made  in  a  somewhat  dlffercut  forniy 
aervps  admirably  as  an  electroscope.  Care  must  be  taken  that  the 
pendulums  arc  secured  iii  a  glass  vessel,  in  order  to  hinder  the 
LajuriouB  interference  of  extcinial  inlluencesj  as  currents  of  air,  &c.y 
hesides  which,  tlie  conducting  system  must  be  carefully  insulated. 
The  [Hinduluma  may  be  formed  of  blades  of  straw,  and  balls  made 
of  the  elder  pith,  suspended  to  metallic  threads,  or  of  metallic 
platca. 

Fig.  353  represents  a  gold  leaf  electrometer.  A  glass  tube 
passed  through  the  opening  of  the  gla:i&  vessel,  having  a  metal  rod 
covered  with  sheJl-lac  varnish  fastened  to  it,  and  penetrating  into 
the  vessel,  while  the  gold  leaf  pendulums  are  fastened  to  the 
lower  extremity  of  this  uietalUc  rod ;  a  metal  plate  is  screwed  ou 
the  top. 

Fio  353.  no.  354. 


'^ 


In  order  to  be  able  to  mcaaun:  the  divergence  of  the  pendulums, 
a  graduated  arc  is  cither  introduced  into  the  interior  of  the  glass 
vessel,  or  instead  of  this  a  glass  box  is  used,  a6  represented  in  Fig. 
354,  on  the  side  of  which  the  graduated  are  is  sewed. 

The  experiment  shown  in  Fig.  346  may  also  be  made  by  the 
above  delineated  electroscope.  If  we  place  above  it  an  electric 
body,  as  a  rubbed  glass  rod,  for  instance,  the  pcnduhims  will 
diverge ;  the  nature  of  the  electricity  collected  in  the  upper  plate, 
may  be  ascertained  by  means  of  the  test  disc,  it  being  the  contrary 
to  that  of  the  approximating  body  r. 
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If  we  wish  to  examine  iuto  the  nature  of  the  electricity  of  any 
body,  the  clcctroscoiK-  must  be  charged  beforehand  with  a  kind  of 
electricity  with  which  we  arc  acquainted,  and  this  may  be  done  by 
brining  a  body  r,  whose  electricity  ia  known,  near  the  apparatusj 
and  touching  the  plate  with  the  finger.  By  this  means  all  the 
repelled  electricity  ia  carried  oflf,  there  remaining  only  the  portion 
attracted  and  accumulated  upon  the  plate.  It  is  to  a  certain 
extent  combined,  that  is  to  say,  it  cannot  eacape,  being  attracted  by 
fy  on  which  account  the  pendulums  do  not  diverge ;  immediately, 
iMwever,  on  removing  the  finger  and  the  body  r,  the  pendulums 
ri«.  365.  will  diverge  as  the  electricity  which  was  com- 

bined with  the  plate  by  the  body  r  dispcrsea 
itaelf  freely  over  the  whole  insulated  system, 
consequently  also  over  the  pendulums.  The 
electricity  with  which  the  electroscope  is  in 
this  manner  charged  must  naturally  be  con- 
trar)'  to  that  of  the  body  r ;  thus,  if  wc  want 
a  negative  charge  we  may  make  use  of  a  glass 
rod  rubbed  with  silk,  since  this  is  +  electric. 
If  wc  bring  an  electric  body  to  the  charged 
electroscope,  the  divergence  of  the  |>endulunis 
will  either  be  increased  or  diminished  in  con- 
sequence. It  will  be  increased  if  the  elec- 
tricity of  the  body  to  be  examined  bo  the 
same  aa  that  im|)artcd  to  the  apparatus,  for 
by  its  approximation,  the  clectricitiea  of  the 
rli"Ctr<jBC(>|tc  are  more  thoroughly  decompoecd  than  waa  the  case 
before,  and  more  electricity  uf  the  same  kind  as  that  already  in 
the  pendulums  is  imported  to  them,  when  their  divergence  must 
conscqueutly  increase. 

If  the  approximated  body  be  of  the  contrary  electricity  to  tliat  im- 
parted by  the  electroscope,  the  divergence  diminishes  as  the  electricity 
is  witlulmwn  from  the  prndulum  and  drawn  into  the  plate.  What- 
ever be  the  electricity  with  which  the  apparatus  is  charged,  there 
will  still  be  undccomposed  electricities  in  the  apparatus  which  will 
be  decomposed  by  the  approximated  body  ;  if  the  electricity  in  the 
latter  be  contrary  to  that  present  in  the  electroscope,  the  amount 
of  electricity  already  developed  will  be  drawn  into  the  plate,  while 
the  other  will  l>c  urged  into  the  pendulums,  the  divergency  of  which 
must  therefore  diminish.  At  a  definite  distance  &om  the  approii* 
mated  body,  the    electricities  will   neutralize  each  other  in    the 
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pendulumsj  which  will  then  fall  closely  together.     If  the  body  to  1>? 
tested  be  brought  still  nearer,  the  |>eudulum8  will  again  diverge, 
but  with  electricity  of  a  kind  contrary  to  that  which  made  them 
previously  diverge. 

Tbc  divergence  of  the  pcuduUims  likewise  diiuinishes  on  bring- 
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ing  a  uou-conductor  near  the  charged  electroscope.  This  follows 
as  the  necessary  consequence  of  the  laws  of  electric  induction. 

On  uniting  two  similar  electroscopes  by  an  insnlated  conductor, 
and  bringing  an  electric  body  r  near  one  of  them,  the  pendulums  in 
both  jars  will  diverge,  the  one  from  +,  and  the  other  from  — 
electricity.  On  removing  the  connecting  conductor  (wc  lutist,  of 
course,  hold  it  by  the  insulated  handle)  ihe  pendulums  will  not 
meet  again,  even  after  the  removal  of  the  body  r  effecting  the 
induction,  owing  to  the  separated  electricities  ha\ing  no  way  by 
which  they  can  pass  back  to  each  other.  ^Ve  may  know  that  the 
electricities  in  both  apparatus  are  of  different  natures,  by  bring- 
ing the  same  electric  body  tirst  to  the  one,  and  then  the  other 
electroscope,  when  wc  shall  sec  them  diverge  in  the  one  case,  and 
collapse  in  tho  other. 

The  above  described  phenomena  of  attraction  can  also  be 
explained  by  the  laws  of  electric  induction.  If  a  body  in  a 
natural  condition  be  brought  near  one  that  is  electric,  its  electri- 
cities will  be  decomposed.  This  will  also  be  the  case  with  the  cork 
ball  of  the  simple  electric  pendulum.  If  it  be  suspended  by  a 
silk  thread,  the  repelled  electricity  cannot  escape  from  the  balli 
but  will  be  urged  to  the  reverse  side  of  the  ball,  whilst  the 
attracted  electricity  will  be  accumulated  in  the  front.  As 
the  attracted  electricity   ia   nearer  to  the   body  from  which  the 
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action  proceeds,  the  attraction  will  be  strouger  than  the  repulsion  ; 
the  force  urging  the  ball  towards  thu  electric  body  will  be  equal  to 
the  difference  of  these  two  opposite  forces ;  a  very  small  removal  of 
the  electric  body  will,  therefore,  be  followed  by  attraction.  The 
action  will  be  far  stronger  where  the  ball  is  suspended  to  a  con- 
ducting thread,  as  in  that  caac  the  repelled  electricity  can  escape, 
and  the  attraction  will  consequently  not  be  weakened. 

A  ball  of  shell-lac  is  not  attracted  by  the  approximation  of 
an  electric  body,  as  the  approximated  body  is  only  capable,  with 
difficulty,  of  causing  induction.  This  phenomenon  resembles 
what  may  be  seen  in  the  ea^tc  of  a  magnet,  which  easily  occasions 
a  magnetic  inducLiun  in  a  piece  of  soft  iron,  but  can  only  effect 
the  same  in  a  piece  of  steel  with  extreme  difficulty. 

The    Electrophoi-iu  is   one   of    the   most    important   electrical 
apparatuses,   and   may   iu    many   cases   replace   the   electrifying 
machine.      It  consists  of  a  cake  of  resin,  which,  as  seen  in  Figs. 
356  to  359,  is  fused  in  a  plate  of  metal,  or  a  cake  of  resin  simply 
no,  360.  laid  upon  a  somewhat  largejr  metal  plate. 

It  is  very  important  that  the  surface  qS 
the  cake  of  resin  should  be  as  smooth 
aa  possible.  On  this  cake,  the  surface 
of  which  has  been  made  negatively  elec- 
tric by  striking  it  with  a  fox-tail  or  cat's- 
skin,  we  place  a  metal  cover  provided 
with  an  insulated  handle  in.  The  eli:c- 
tricity  of  the  cake  of  resin  acta  induc- 
tively upon  the  two  electricities  hitherto 
combined  in  the  cover,  the  +  electricity 
is  attracted,  the  —  electricity  repelled; 
the  fonuLT  Will,  Lhcrei'orc,  arcuinulate  in  the  lower  part  of  the 
cover,  and  the  latter  iu  its  upper  part.  On  bringing  the  knuckle 
of  the  finger  near  the  cover,  a  spark  will  be  elicited,  and  on 
touching  the  cover  with  the  finger  all  the  —  electricity  will  escape, 
+  electricity  alone  remaining,  which,  however,  is  combined  with 
the  —  electricity  of  the  cake  of  resin,  as  long  as  the  cover  is 
on ;  but  if  this  be  removed,  the  +  electricity  will  be  liberated, 
and  we  may  draw  a  spark  of  +  electricity  from  the  cover. 

If  the  cake  of  resin  be  laid  directly  upon  a  metal  plate,  there  is 
less  fear  of  the  cake  cracking  by  the  change  of  temperature,  aa 
may  easily  be  the  case,   owing  to  the  unequal  expansion  of  the 
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metal  and  resin  iu  melted  cakes.  The  beat  substance  for  an 
clectrophorus,  is  shell  lac  mixed  with  Venice  turpentine. 

Zinc  may  be  used  as  the  material  for  constructing  the  metallic 
plate  on  which  the  resin  cake  is  laid.  The  cover  is  generally  of 
brass,  and  has  its  edge  rounded  off.  Covers  of  glaas,  wood,  or 
pasteboard  answer  the  purpose,  however,  when  coated  with  tin- 
foil ;  but  core  must  be  taken  tn  have  the  under  surface  lying  on  the 
cake  of  resin  as  smooth  as  possible.  In  the  place  of  an  insulated 
glass  handle,  the  cover  may  be  fastened  with  three  silk  cords. 

The  Electrifying  MackirM  consists  of  a  rubbing  body,  a  rubber, 
and  an  insulated  conductor. 

The  rubbing  body  is  generally  a  borsc^hair  cushion.  The 
rubbing  surface,  a  piece  of  leather  covered  with  amalgam. 

The  body  rubbed  is  a  glass  disc  or  cylinder. 

The  iuaulated  conductor  is  generally  a  system  of  hollow  con- 
ductors made  uf  brass  plate,  spherically  rounded  at  the  extremi- 
ties, and  supported  by  glass  legs  varnished  with  shell  lac. 

Many  different  forms  have  been  given  to  the  electrifying 
machine,  the  one  most  in  use  is  represented  in  Fig.  3G2.    The 
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diameter  of  the  ^lass  ptate  ft  varica  from  20  to  GO  inches.  An 
a\i9  passes  through  an  opening  in  its  ccntrCj  and  supports  the 
winch  h.  The  pillars  d  bear  the  plate,  and  likewise  the  couple  of 
paim  of  cushions  e  and  e',  which  rub  the  ptate  from  the  edj!:e  to 
about  i  or  i  of  its  diameter.  The  conductor  f  g  f  is  insulated 
by  the  columns  h,  and  terminates  in  two  arms  i,  which  prc^s 
round  the  plate  across  its  horiKontal  diameter. 

Fif^.  363  and  364  exhibit  more  plainly  the  arrangement  of  the 
cushions,  and  the  manner  in  which  they  are  secured, 

no.  363.  ria.  364.  ^^  ^*^  ^"''"  ****=  &'»**  ^^^  ^^"*^ 

^  by   means  of  the  winch,   it  will 

f^^  become  positively  electric  by  the 

friction  against  the  leather  cushion 
covered  with  amalgam.  After 
turning  the  disc  one  quarter  round, 
(mc  spot  on  the  disc  lying  lietween 
the  cushions  always  comes  to  the 
ftrms  I.  The  +  electricity  of 
the  glass  acts  here  dccomposingly 
upon  the  conductor ;  the  —  elec- 
tricity is  attracted  and  flows  over 
the  glass,  and  then  brings  it  back 
I  to   its   former   condition,  that  is, 

neutralising  more  or  less  entirely  its  +  electricity.  This  latter 
electricity  remains  upon  the  conductor. 

Id  order  to  prevent  the  electricity  of  the  glass  from  being 
wasted  in  the  air,  on  its  passage  from  the  rubber  to  the  arm  i, 
the  diHC  is  protected  on  both  sides  by  pieces  of  oiNsilk.  It  is 
neceasary  to  rub  the  glass  legs  and  the  disc  with  warm  woollen 
cloths,  or  with  heated  dry  blotting-paper  lieforc  using  the  appa- 
ratus, in  order  that  it  may  work  efficiently. 

The  ^  electricity  of  the  rubber  passes  to  the  groimd,  and  its 
escape  is  neceasary,  since  if  it  were  to  remain  upon  the  cushion  it 
would  acquire  such  a  degree  of  tension  as  partially  to  tlow  over  the 
gluKs  plate,  and  partially  neutralise  the  +  electricity.  The 
electricities  that  are  liberated  by  friction  must  immediately  be 
carried  off  at  the  spot  where  they  arc  set  free,  otherwise  we  should 
be  unable  to  develop  electricity  again  at  the  same  place. 

Glass  cylinders  are  used  as  well  as  the  plates  in  the  construction 
of  L'lt'ctrifyiiig  machines.  Fig.  365  represents  a  cylinder- machine, 
which,  as  usual,  ia  so  arranged  that  positive  and  negative  electricity 
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of  +  electricity  on  p,  wc  must  put  the  conductor  r  in  connection 
with  the  ground.  On  the  other  hand,  we  must  take  care  to  enable 
the  +  electricity  to  pass  freely  from  the  conductor  v,  if  wc  want  to 
have  a  strong  charge  of  —  electricity  on  the  conductor  r. 

The  steam  electrifying  machine. — Many  years  ago,  the  discovery 
was  accidentally  made  in  England  that  a  boiler,  from  which  stcani 
was  forcibly  propeDed  through  a  small  aperture,  was  strongly 
electric ;  by  pursuing  this  discovery,  means  were  found  for  con- 
verting  a  steam  boiler  into  an  electrifying  machine  far  surpassing 
in  its  action  every  known  apparatus  of  the  kind.  Fig.  366  rcpre- 
rio.  3(^7.  sents  a  machine  of  this  description  of  mediimi 
siac.  The  boiler,  which  is  44  centimetres  in  dia- 
meter, and  96  in  length,  rests  upon  four  glass 
,1  legs.  It  is  heated  internally  in  a  similar  manner 
H.s  the  boilers  used  in  steam-boats.  Fig.  367  ia  a 
section  of  the  boiler. 

On  the  top  of  the  boiler  there  is  a  cap,  to 
which  a  ohort,  brans  tube  closcable  by  means  of 
a  cock  is  attached  ;  the  conducting  pipes  may  be  screwed  on  the 
short  tube,  and  will  presently  be  described. 

Before  the  cap  there  is  a  safety  valve,  whose  weight  is  mowe- 
able,  and  may  so  far  project  that  the  steam  must  exert  a 
preuurc  of  OOlbs.  on  the  square  inch,  before  it  can  ndae  the 
valve. 

On  the  reverse  side  of  the  boiler,  there  is  a  glass  tube  ctmnected 
above  and  below  with  the  boiler,  so  that  we  may  by  this  tulx*,  see, 
•ft  in  locomotives,  the  height  at  which  the  water  stands. 

Fig,  368  represents  the  apparatus  with  its 

conducting  apertures,  delineated  as  seen  from 

al>ovr.     The  cast   iron    tuljc   b  c   (Fig,   366), 

about  21'"*  in  length,  and  5*"  in  diameter,  is 

screwed  on   at  a.     From  this  tube  the  steam 

escapes  through  6  horizontal  tubes  d  d',  which 

pass  through  a  box  of  brass-plate  rilled   with 

cold  water,  by  which  means  a  portion  of  the 

cicaptng  Rteam   is  condensed,   and  the  action 

couMiderably  increased. 

At  an  opening  n  in  the  upper  cover  of  the  box  F,  a  brass  tube 

is  put  on,  which   passes  at  n  (Fig.  366)   into  the  chimnnr>  *nd 

gives  a  passage  to  the  steam  formed  in  the  box  F, 
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no.  569.  Fig.   369  gives  a  section   of  the  conducting- 

pipes  d'  represented  in  Fig.  368,  at  about  half 
1^  their  actual  size.  At  the  end  of  the  tube  a  piece 
of  brass  M  N  i»  screwed  on,  having;  a  wooden 
pbig  abed,  which  forms  the  end  of  the  escape 
aperture.  This  longitudinaUy  bored  wooden 
cylinder  is  secured  to  its  place  by  a  short  brass 
cylinder  r  screwed  into  the  brass  work  M  N.  A  brasa  plate  is  so 
placed  before  the  opening  of  the  bored  cylinder  r,  that  the  steam 
must  pass  along  the  winding  course  designated  by  the  arrow 
before  it  can  escape  by  the  opening. 

If  the  apparatus  in  Pig.  368  be  screwed  on  the  boiler,  and 
the  steam  have  the  necessary  force  of  tension,  the  separating 
cock  will  be  opened  by  turning  the  handle  /,  Fig.  366,  a  quarter 
round,  and  the  steam  escaping  with  force  from  the  six  openings, 
the  boiler  will  become  electric.  Tlie  escaping  steam  baa  the 
opposite  electricity  to  that  contained  in  the  boiler ;  in  order  to 
heighten  the  action  of  the  apparatus,  it  is  csacntial  to  let  the  steam 
escape  as  fast  as  possible,  and  this  is  best  effected  by  placing 
in  the  current  of  steam  a  row  of  metallic  points  fastened  to  a 
brass  rod  communicating  with  the  ground.  This  rod  or  stafF 
stands  on  a  glass  pedestal,  by  which  it  may  be  insulated,  to  prove 
that  the  steam  has  realty  the  opposite  kind  of  electricity  to  that  of 
the  boiler. 

By  means  of  this  hydro-electrifying  machine,  a  battery  of  86 
square  feet  in  area  may  be  perfectly  charged  in  the  space  ol 
30  seconds. 

The  source  of  this  strong  development  of  electricity  is  not  owing 
to  the  formation  of  gas,  as  we  might  at  first  be  inclined  to  believe, 
but  entirely  to  the  friction  against  the  sides  of  the  tube  of  the 
violently  escaping  steam  that  is  mixed  with  particle^s  of  water- 
That  such  is  rcutly  the  case,  is  proved  by  the  escape  of  the  elec- 
tricity every  moment  the  safety-valve  is  opened,  although  the 
formation  of  steam  continues  in  the  meantime  uninterrupted. 

For  the  generation  of  electricity,  it  is  essential  that  the  already 
condensed  particles  of  water  should  be  carried  away  with  the 
escaping  steam  through  the  aperturt^s,  an  object  which  is  effected 
by  the  condensation  apparatus  F  seen  in  Fig.  368.  If  the  escape 
pipes  be  of  sufficient  length,  we  may  dispense  with  a  special  cooling 
apparatus. 
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MTiCTi  the  opening  for  the  Bteam  is  formed  by  a  wooden  tube 
as  dilmcatcd,  the  boiler  will  be  in  s  state  of  —  electricity,  and  the 
Ateam  in  one  of  +  electricity ;  the  same  is  the  case  when  metal 
or  glass  is  used  for  the  purpose ;  and  if  an  ivory  tube  be  used,  the 
boiler  will  scarcely  manifest  a  trace  of  a  charge.  On  ap|)l)ang  a 
httlc  oil  of  turpentine  to  the  mouth  of  the  tube,  the  Ixiiler  will  be 
positively,  and  the  steam  negatively  electric. 


CHAPTER  III. 


OP     ELECTKIC     PORCB8. 

Diminution  nf  rlecirical  power  with  the  increase  of  distance. — The 
law  by  which  electrical  attractions  and  repulsions  diuiinish  in 
proportion  as  the  distance  increases,  may  be  shown  by  the 
oAcillations  of  an  electric  pendulum.  We  must  let  a  small  shell 
lac  needle,  horiKontally  suspended  by  a  silk  thread,  and  supporting 
at  one  end  a  disc  of  electrified  gold  leaf,  oscillate  by  the  influence 
of  an  electrified  insulated  ball.  If  the  ball  and  the  disc  be  charged 
with  the  same  electricity,  the  disc  will  form  the  end  of  the  elec- 
trified pendulum  turned  away  &om  the  ball ;  but  if  the  electricities 
of  the  disc  and  the  ball  be  different,  the  former  will  be  turned 
towards  the  latter.  We  may  in  like  manner  judge  of  the  accele- 
rating force  exercised  on  the  electric  pendulum  by  its  oscillations. 
From  these  data  it  may  be  seen  that  electrical  attractions  and 
repulsiouH  stand  in  an  inverse  relation  to  the  squari^s  of  distance. 

Distribution  of  eleciricity  on  the  surfaces  of  conducting  bodies, — 
As  long  as  a  body  remains  in  a  natural  condition,  that  is,  as  long 
aa  the  two  electric  tluids  arc  not  combined,  they  arc  probably 
uniformly  distributed  through  the  whole  mass  of  the  body.  As 
soon,  however,  as  one  fluid  becomes  separated  from  the  other,  and 
a  conductor  is  charged  with  free  electricity,  the  individual  elements 
of  these  freed  cicctricitks  will  act  repulsively  upon  each  other, 
retreating  as  far  apart  as  possible  until  checked  by  some  impe- 
diment. A  perfectly  good  conducting  body  cannot  oppose  any 
resiii!tanee  within  itself  to  this  dispersion  ;  the  electricity,  tliere- 
fore,  distributes  itself  over  its  suriaoe,  and  would  be  still  further 
dispersed  if  the  body  were  in  a  space  easily  penetrated  by  the  elec- 
tricity.    Klecthcity  always  distributes  itself  over  the  surface  of  a 
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conductor,  on  which  it  is  retained  by  the  atmosphere^  which 
envelops  it  as  if  it  were  a  non-conducting  layer. 

The  followiDg  experiment  will  show  in  the  simplest  manner 
that  electricity  only  distributes  itself  over  the  surface,  and  not 
through  the  interior  of  bodies. 

A  ball  7  or  8  inches  in  diameter,  and  having  a  hollow 
8  or  10  lines  in  breadth,  aud  1  inch  in  depth,  must  be  insulated 
and  charged  with  electricity;  if  now  we  touch  this  ball  in  any 
part  with  a  test  disc,  it  will  become  charged  with  electricity, 
while  on  touching  the  bottom  of  the  hollow  with  the  test  disc  it 
will  not  be  removed  from  its  natural  condition.  Let  us  now 
consider  the  maimer  in  which  electricity  distributes  itself  over  the 
surface  of  bodies. 

If  we  electrify  an  insulated  body,  the  law  of  symmetry  requires 
that  the  electricity  should  distribute  itself  uniformly  over  the 
whole  surface,  forming  everywhere  a  layer  of  equal  density.  We 
may  conWnce  ourselves  by  experiment  that  such  is  the  case.  If, 
for  instance,  we  touch  the  electrified  ball  at  any  spot  with  the 
test  disc,  the  latter  will  immediately  form  as  it  were  an  clement 
of  the  spherical  surface,  as  large  a  quantity  of  electricity  distri- 
buting itself  over  its  surface  as  there  was  upon  the  portion 
of  the  sphere  covered  by  the  disc ;  the  strength  of  the  electric 
charge  in  the  disc  may  be  determined  after  its  removal  from  the 
sphere  by  bringing  it  into  contact  with  the  plate  of  an  electroscope. 
The  divergency  of  the  pieces  of  gold  leaf  will  be  the  same,  at 
whatever  part  of  the  ball  wc  attach  the  disc. 

If  the  insulated  conductor  to  be  electrified  be  not  spherical, 
no  equal  distribution  of  the  electricity  will  take  place,  that 
is  to  say,  the  electrical  layer  distributed  over  the  body  will  not 
be  everywhere  equally  dense.  If  by  the  aid  of  a  test  disc,  we 
test  the  density  of  the  electricity  at  different  parts  of  a  cylinder 
with  rounded  ends  (Fig.  370),  we  shall  find  the  density  of  the 
electricity  greater  at  the  extremities  than  in 
the  middle.  The  disc  will  l>c  much  more 
strongly  charged  on  holding  it  to  the  end  of 
the  cylinder,  in  such  a  manner  that  its  edge 
shall  not  touch  the  top  of  it,  but  that  its  plane 
shall  lie  in  the  line  of  prolongation  of  the  axis  of  the  cylinder. 
Similar  results  are  obtained  by  examining  the  electrical  condition 
of  a  disc,  for  instance,  the  cover  of  an  clcctrophorus.  We  may 
easily  understand   that  a  distribution  of  electricity   must   occur 
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on  the  fiurfacc  of  bodies  possessing  unequal  expansion  in  different 
directions,  for  in  consequence  of  the  mutual  repulsion  of  the 
separate  particles  of  the  electric  fluid,  these  particles  will  retire 
as  far  as  possible  from  the  middle  of  the  body,  accumulating  in 
its  remotest  projections. 

The  more  a  body  departs  from  the  spherical  form,  the  Icsa 
equally  is  electricity  distributed  over  its  stirface,  and  the  more 
docs  it  collect  at  the  points  lying  most  remote  from  the  middle, 
and  that  in  proportion  to  the  want  of  densit)'  in  those  parts.  It 
follows,  therefore,  that  if  a  point  be  brought  near  an  insulated 
conductor,  the  electricity  will  have  an  extraordinary  density  at 
this  pointed  end.  But  the  denser  the  electricity  is  at  any  point,  the 
sooner  will  it  be  able  to  overcome  the  resistance  of  the  air,  which 
strives  to  keep  it  upon  the  body.  Hence  it  happens  that  electricity 
flows  80  readily  from  sharply  pointed  bodies. 

\Vc  might  addnce  a  number  of  experiments  by  which  this 
power  of  pointed  bodies  is  manifested,  but  we  will  limit  oiurselves 
to  a  few  illustrations. 

1 .  On  putting  a  point  to  the  end  of  the  conductor  of  an  elec- 
trifying machine,  it  will  be  found  impossible  to  charge  it  in  such 
a  manner  as  to  draw  sparks  from  it.  All  the  electricity  engen- 
dered by  the  turning  of  the  machine  being  immediately  dischai^^ 
by  the  point. 

2.  In  the  same  manner,  on  bringing  a  point  that  is  in  connec- 
tion with  the  ground  within  a  few  decimetres  of  the  conductor  of 
the  machine,  it  will  be  equally  impossible  to  charge  the  conductor. 
The  electricity  of  the  latter  decomposing  the  combined  electrici- 
ties of  the  point,  and  repelling  the  like  kind,  while  it  will  attract  the 
contrary,  and  this  contrary  electricity  will  accumulate  with  such 
force  at  the  point  as  to  pass  over  to  the  conductor  and  neutralise 
the  electricity  of  the  latter. 

On  the  above  mentioned  property  of  pointed  bodies  rests  the 
ronstmction  of  lightning  conductora. 

Angles  and  sharp  edges  to  conducting  bodies  act  similarly  to 
points.  It  ii»  therefore  essential,  carefully  to  avoid  all  angular 
forms  in  the  construction  of  any  apparatus  destined  to  retain  elee- 
tricity. 

On  bringing  an  insulated  electric  conductor  near  another  con- 
ductor, the  distribution  of  the  eleetricity  on  the  surfaces  will 
experience  conside-rable  modiflcations.  U  we  bring  an  electric 
insulated  sphere  near  another  body  of  the  same  kind,   likewise 
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insulated  and  charged  with  the  same  electricity,  there  will  no 
longer  be  an  uniform  distribution  of  electricity  upon  the  surface. 
Ab  the  electricity  of  the  one  sphere  rcpek  that  of  the  other,  the 
density  of  the  electricity  will  be  the  most  inconsiderable  at  those 
points  of  the  spheres  turned  towards  each  other,  and  greatest  at  the 
most  remotely  opposite  points.    Figs.  371  and  872,  represent  two 

baits.  At  a  and  b  the 
density  of  the  electricity  is 
at  the  minimum,  at  c  and 
d  it  is  at  the  maximum. 
The  nearer  we  bring  the 
two  balls,  the  more  will  the 
density  diminish  at  a  and 
b,  and  increase  at  c  and  a. 
If  wc  bring  these  spheres 
into  contaetj  the  density  of 
the  electricity  will  be  null 
at  the  point  of  contact.  If  the  two  spheres  had  been  charged  with 
opposite  electricities,  we  should  have  found  the  greatest  density  at 
ii  and  b,  and  the  smallest  at  c  and  d.  The  accumulation  of  elec- 
tricity increases  at  a  and  h  on  bringing  the  spheres  near  together, 
until  at  last  a  spark  is  emitted. 

A  non-electric  conductor,  on  being  brought  near  an  electrified 
insulated  conductor,  will  act  similarly  to  a  body  charged  with  the 
opposite  electricity,  as  it  becomes  electric  by  induction  or  approxi- 
mation to  the  conductor. 


CHAPTER    IV. 


07    COMBINED    BLECTRIC1TIE8. 


We  have  already  seen  that  if  two  insulated  conductors  charged 
with  opposite  electricities  be  separated  by  a  layer  of  air,  the  elec- 
tricity of  the  one  will  attract  that  of  the  other,  in  such  a  manner 
that  we  may  alternately  put  either  body  in  connection  with  the 
ground  without  its  electricity  being  entirely  carried  off.  In  Figs. 
371  and  372  for  instance,  the  ball  to  the  left  is  charged  with  + ,  and 
that  to  the  right  with  — electricity,  and  we  alternately  touch  either 
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witli  the  fiiigcr  without  t\\c  charge  being  lost.  The  electricity  on 
the  one  sphere  is  attracted  by  the  opiwaite  electricity  of  the  other 
sphere,  and  is  thus  prevented  from  escaping,  being  combined. 
The  nearer  we  bring  these  two  kinds  of  electricity  to  each  other, 
no.  373.  the    more    strongly   will    they   be    mutually 

attracted,  and  the  more  perfect  will  be  their 
t'orabination ;  if,  howwer,  the  two  conductora 
lie  separated  only  by  a  layer  of  air,  the  com- 
bination will  not  be  perfect,  as  we  cannot 
bring  them  very  near  each  other  without  the 
layer  of  air  being  broken,  and  a  spark  emitted. 
To  make  the  combination  as  perfect  as  pos- 
sible, the  two  conductors  charged  with  oppo- 
site electricities  must  in  the  place  of  air  be 
separated  by  some  other  insulator  capable  of 
opposing  a  greater  resistance  to  the  passage  of 
electricity,  and  for  tkis  purpose  glass  or  resin 
answfTS  best. 

The  Franklin  plate  is  especially  well  adapted  to  facilitate  the 
examination  of  the  properties  of  combined  electricity.  Pig.  873 
represents  a  glass  plate,  the  sides  of  which  are  about  1  foot  in 
length.  The  middle  of  the  glass  on  either  side  is  covered  with  tiu 
foil,  leaving  a  free  margin  all  round  of  about  a  hand's  breadth. 
We  may  varnish  over  the  uncovered  parts  of  the  glass  in  order  the 
better  to  insulate  them.  If  we  charge  tbc  front  part,  covered  with 
the  tin  foil,  with  + ,  and  the  reverse  side  with  —  electricity,  the 
opiHJsitc  electricities  wiD  be  separated  from  each  other  merely  by 
the  thickness  of  the  glass  disc,  this  they  are,  however,  unable  to 
peuetrate,  and  thus  the  combination  will  be  tolerably  well 
effected. 

To  charge  the  two-coated  sides  of  the  Pranldin  plate  with  opposite 
electricities,  it  is  unnecessary  to  bring  each  into  connection  with  the 
source  of  electricity.  If  we  bring  one  side  (the  front  one)  into 
communication  with  the  conductor  of  the  electrifying  machine,  a 
portion  of  the  +  electricity  will  pass  off  from  the  conductor  to  the 
coated  surface.  The  electricity  of  the  front  surface  acts  indnc- 
tivdy  upon  the  combined  electricities  of  the  back  surface ;  and  as 
soon  as  we  place  it  in  communication  with  the  ground,  the  + 
electricity  will  pass  into  the  ground,  while  the  —  electricity  will 
be  induced  to  the  reverse  surface.  But  the  —  electricity  of 
the  reverse  side  acts  nipulsivcly  upon  the  +  electricity  of  the  front 
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•ide,  thu8  enabling  electricity  to  ])as8  again  from  the  conductor  to 
the  irout  coated  siu'face,  which  again,  by  its  repulsive  power, 
increaaes  the  —  electricity  of  the  reverse  side.  We  may  in  this 
manner  easily  charge  one  coated  surface  with  + ,  and  the  other  with 
—  electricity. 

However  smull  the  diutauce  ueparating  the  two  surfaces,  the 
mutual  combination  is  not  perfect.  In  order  to  ha\*e  the  elec- 
tricity perfectly  combined  on  the  one  aide,  it  is  necessary  that 
there  should  be  an  excess  of  electricity  on  the  other,  that  is, 
that  free  electricity  must  be  present.  On  touching  the  one  coated 
surface  of  a  charged  Franklin  plate  with  the  finger,  while  the 
other  side  (the  front  for  instance)  is  no  longer  in  connection  with 
the  conductor,  we  can  only  bring  off  a  portion  of  electricity,  while 
a  strong  charge  of  —  electricity  perfectly  combined  remains  upon 
the  reverse  surface.  In  order,  however,  to  have  this  —  electricity 
perfectly  combined,  it  is  iudispeudably  necessary  that  there  should 
be  an  excess  of  +  electricity  on  the  opposite  side.  We  may  easily 
convince  ourselves  that  such  is  the  case.  If  after  all  the  non- 
combined  —  electricity  of  the  reverse  side  has  been  carried  off,  we 
touch  the  front  coated  surface  a  faint  spark  will  be  emitted  ou  the 
approximation  of  the  finger,  which  proves  that  free  electricity  is 
present.  If  now  we  remove  all  the  free  +  electricity  from  the 
front  side,  there  will  again  be  free  —  electiicity  on  tlie  opposite 
side,  and  we  may  draw  a  faint  spark  from  the  reverse  coated 
surface,  &c. 

The  excess  of  electricity  which  must  be  present  on  the  one 
surface,  in  order  perfectly  to  combine  the  opposite  electricity  on 
no.  374.  tbe  other  side,  may  be  made  apparent  to  the  eye. 
We  must  secure  with  wax  a  light  electric  pendulum 
on  each  side  of  the  disc  iu  the  numuer  rcpreseuted 
in  Fig.  374,  which  shows  a  diagonal  section  of  the 
disc.  Ou  the  side  ou  which  there  is  free  electricity, 
the  pendulum  will  be  repelled,  while,  on  the  other 
side  it  will  remain  haugiug  vertically,  and  in  contact 
with  the  coated  surface.  If  we  touch  the  pendulum 
on  the  one  side  where  thei*e  is  free  electricity,  the 
pendulum  will  fall  while  the  one  on  the  opposite 
side  will  rise.  We  may,  therefore,  by  alteruately 
touching  one  or  other  of  the  sides  make  either  pen- 
dulum rise. 
This  phenomenon  may  be  easily  explained.   If  there  be  an  excess 
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of  +  electricity  on  the  one  side,  it  will  act  attractively  upon  the 
electricity  ou  the  other  surface,  as  wcU  as  upon  the  little  electricity 
in  the  ball  of  the  pendolam.  The  —  electricity  certainly  repels 
the  —  electricity  in  the  ball,  but  the  force  with  wliich  the  excess  of 
+  electricity  attracts  the  negative  ball  ia  greater  than  the  force  of 
repoltion.  On  carrying  off  the  excess  of  +  electricity,  the  libe- 
rated —  electricity  distributes  itself  partially  over  the  ball  wliich  ia 
now  repelkxl,  there  being  no  excess  of  +  electricity  present  on  the 
other  side  to  hold  it  back. 

The  apparatus  will  by  degrees  become  wholly  discharged,  if  wc 
continue  alternately  to  touch  the  two  surfaces  with  the  tiuger,  and 
thus  remove  all  the  free  electricity  on  the  one  side.  If  wc 
touch  both  surfaces  at  once,  or  by  any  other  means  put  them  into 
oouuectiun  with  each  other,  the  discharge  will  take  place  all  at 
once,  while  the  accumulated  opposite  electricities  of  the  two  surfaces 
will  pass  in  this  manner  from  one  to  the  other.  The  discharging 
rod  represented  in  Fig.  375  is  commonly  used  for  this  purpose. 
It  consists  of  two  curved  brass  rods  b  c  and  b*  c, 
which  are  united  at  c  by  a  hinge.  Bach  arm  of 
.J  the  discharging  rod  terminates  in  a  small  brass 
ball  h  Hud  b',  and  is  also  provided  with  an  insu- 
lated handle  m  and  m',  Wc  must  touch  one 
Burface  with  one  of  the  balls,  and  on  approxi- 
mating  the  other  to  the  opposite,  a  apark  of  vivid 
light  will  be  emitted  at  a  certain  distance  with 
loud  explosion. 

The  Legden  jar  ia  in  principle  nothing  but  a   modification  of 

Franklin's  plate,  and  consists  of  a 
glass  vessel  covered  externally  with 
tin  foil  to  within  a  few  inches  of  the 
rim  ;  internally,  the  vessel  is  similarly 
coated,  or  filled  with  some  conducting 
substance,  as  iron  filings  or  small  seed. 
The  inner  coating  is  connected  with  a 
brass  rod  passing  through  the  stopper 
or  cover  of  the  vessel,  and  ending  in 
a  knob.  Figs.  376  and  377  repre- 
sent two  forms  of  the  Ixyden  jar.  The  part  of  the  glass  that  is 
not  covered  must  be  varnished.  To  charge  the  jar,  the  external 
coating  must  be  brought  into  connection  with  the  ground,  and  the 
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no.  378. 


knob  with  the  conductor  of  the  machine.  We  may,  howcvcrj 
reversely,  put  the  inner  coating  into  connection  with  the  groimd, 
and  connect  the  external  one  with  the  conductor  of  the  machine. 
Lcyden  jars  often  discharge  themselves,  when  either  a  spark  is 
emitted  from  the  external  coating  to  the  metal  rod,  or  the  glass  is 
broken.  In  the  latter  case  the  jar  becomes  of  course  unfit  for 
further  use.  When  we  use  several  conducting  bodies  to  discharge 
a  joTj  the  electricity  will  immediately  pass  over  to  the  best  coa- 
ductor.  If  we  press  a  metal  wire  with  one  hand  to  the  external 
coating,  we  may  with  impunity  hold  the  opposite  end  of  the  wire 
to  the  knob  with  the  other  hand,  the  electric  shock  passing  through 
the  wire  and  not  the  body;  to  effect  this  the  wire  must  not, 
however,  be  very  thin. 

In  order  to  obtain  a  very  strong  charge,  it  is  necessary  to  use 
very  large  jars,  either  separate  or  connected  in  one  electric  battery. 
Fig.  378  represents  an  apparatus  of  this  kind.     All  the  external 

coatings  of  the  jars  arc  in  con- 
nection with  each  other,  as  well 
as  the  inner  coatings. 

When  the  electric  shock  paaaeft 
from  a  Leyden  jar  through  the 
human  body,  it  produces  a  sen- 
sation which  it  would  be  diffi- 
cult to  dcjicribc,  an  involuntary 
con\nilsion  of  the  nerves.  The 
best  manner  of  trjing  the  cxpe- 
rtmeut  upon  oneself  is  to  lay 
one  band  upon  the  external  coating,  and  with  the  other  grasp  the 
knob.  In  a  weak  discharge,  the  shock  is  only  perceptible  in  the 
fore  part  of  the  arm,  if  it  be  stronger,  we  then  feel  it  in  the  upper 
arm,  producing  an  even,  sharp  pain  in  the  breast,  and  very  strong 
shocks  may  prove  dangerous.  Powerful  batteries  are  not  neces- 
sary if  we  want  to  kikl  smaller  animals,  as  birds,  hares,  &c.  by  an 
electric  shock,  the  larger  batteries  are  capable  of  destroying  the 
larger  animals.  Anatomical  examinations  of  the  bodies  of  the 
animals  killed  by  an  electric  shock  have  shown  that  there  is  no 
injury  inflicted  on  the  organs ;  the  violent  contortions  exhibited, 
however,  in  the  bodies  where  the  shock  has  not  been  sufficiently 
strong  to  produce  death,  manifest  the  degree  to  which  the  nervous 
system  has  been  affected. 
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If  several  persons  fonn  a  chain  by  holding  each  othcm  hands, 
all  will  simuhnneously  feci  the  shocks  on  the  one  first  in  the  ring 
touching  the  external  coating  of  the  jar,  and  the  last  the  knob. 

We  may  ipnitc  combuatible  fluids  much  more  sccurt^ly  by  aid 
of  a  Ijcyden  jiir  than  by  a  spark  direct  from  the  conductor  of  tlic 
machine.  Even  pulverised  Colophony,  scattered  over  cotton  wool, 
and  fjrun|>owder  may  be  ignited  by  the  sparks  of  a  discharge  of  a 
Leyden  jnr. 

Henley^t  general  discharging  rod   represented  in   Fig.  379  is 

no.  379. 


eery  convenient  in  many  experiments  which  nwiy  be  made  with 
the  licyden  jars  and  the  clectnc  battery.  The  one  arm  is  in 
connection  with  the  external  coating  by  means  of  the  chain  Cp 
while  to  the  other  arm  is  secured  another  chain  e',  terminating  iu 
the  insulated  ball  b.  If  we  want  the  spark  to  pass  through,  wc 
roust  take  hold  of  the  insulated  handle  uf  the  ball  6,  and  bring  it 
4|iiickly  to  the  knob  of  th<;  bottle.  The  spnrk  will  strike  at  b 
between  the  two  balls  d  and/,  lying  on  an  insuluted  pl&te. 

If  the  balls  d  and  /  be  united  by  a  very  thin  iron  wire,  the 
latter  will  be  heated  on  letting  a  faint  charge  pass  through  it, 
while  a  stronger  diarge  will  uuikc  it  red  hot,  and  one  still  stronger 
than  the  former  will  cause  it  to  fly  asunder  in  separate  melted 
globides,  which  will  be  thrown  to  a  great  distance. 

Bod  conductors,  that  interrupt  the  course  of  the  discharge, 
arc  broken  in  fragments  or  61ted  with  holes,  if  tlie  aecumu- 
latlou  of  the  electricity  be  sufficiently  considerable.  A  wooden 
disc,  for  instance,  from  3  to  \  inches  in  diameter,  and 
irom  3  to  6  hues  in  thickness,  is  penetrated   by  the  discharge. 

A    A. 
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The  same  thing  occurs 
board  co%'crs,  &c.     To 
bodies  wc    wish 
(liwrhargrinjr  rod,  in 


ith  respect  to  one  or  more  cards,  parte 

take  this  cTpcrimcnt,  wc  must  place  the 

to    penetrate   between    the   balls   of    Heniey*9 

Buch   a  manner  that  the  latter  may  be    in 


contact  with  the  intervening  bodies. 

The  Condenser. — Properly  Bpeaking,  every  apparatus  in  which 
combined  electricity  is  accumulated  is  a  condenser  j  consequently, 
the  tVanlclin  plate  and  the  Tjcydcn  jars  may  be  considered  as 
condensers.  The  term,  however,  is  generally  limited  to  those 
apparatus  that  ser^'e  to  make  electricity,  possessing;  a  feeble 
tension,  perceptible  by  condensation.  Condensers  consist  spceially 
of  two  conducting  plates,  separated  by  a  non-conducting  medium. 
Passing;  by  the  less  perfect  instruments  of  this  kind,  we 
will  hi're  only  speak  of  the  condenser  used  in  combination  with 
the  goUI  leaf  elcjctromctcr.  On  this  lat^t  named  instrument,  we 
screw  a  metal  platu  as  seen  in  Pig.  380.  The  plate  must  be 
^1     ggjj  smoothly   cut,    and    covered    on    its 

.  upper  siirface  with  a  very  thin  layer 

I  of  varnish,   composed  of  a  solution  of 

I  shell  lac  in   spirits  of  wine,  put  on 

I  ligbtly  with  a  brush  while  in  a  very 

]  tlnid  state,  on  which  it  will  rapidly 

^^^■^  dry.     We  now  take  a  second  plate 

similarly  prepared  and  provided  with 
an  insulated  handle,  and  place  its  var- 
nished surface  upon  the  other  plate, 
in  Biich  a  manner  that  the  metal  plates 
are    merely    separated   by    the    thin 
layer    of    varnish,    othcrwiBC    Btting 
together  as  exactly  as  ])088ible.     This 
arrangement     corrcsj)ouds     perfectly 
with    the   Franklin  plate,   the   glass 
plate  being  replaced  by  the  thin  shell 
lue  layer,  and  the  plates  serving  as  a 
substitute  for  the  tinfoil  coatings,  the 
only  difference  being,  that  in  this  apparatus  we  may  lift  off  the 
upper  plate  at  will,  while  the  two  coatings  in  the  Franklin  plate 
are  immoveable.     As  thn  insulating  layer  is  so  very  thin,   and  the 
plates  consequently  so  dose  together,  a  perfect  combination  may 
be  effected.  If  wc  bring  the  lower  condensing  plate  into  connection 
with  a  weak  source  of  electricity,  touching  the  up[»er  plate  with 
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the  finger  to  discharge  it,  the  condenser  will  be  charged  in  a 
similar  manner  to  the  Leyden  jar,  the  external  coating  of  which 
ia  not  insulated,  while  the  inner  one  is  in  connection  with  the 
conductor  of  the  mach'uic. 

The  whole  diffcrcucc  rests  in  this,  that  at  one  time  we  have  a 
large  source  of  elt-ctricity,  at  another,  one  of  snwil  electric  tension  ; 
in  both  cases,  however,  a  condensation  of  electricity  occurs  in  a 
similar  way. 

When  the  condenser  is  charged,  the  upper  j)latc  most  be  raised 
(find  that  aa  vertically  aa  poasiblc,  so  that  the  e^mtart  between  the 
two  plates  may  be  destroyed  at  the  same  moment  at  all  points),  by 
thia  the  hitherto  combined  electricity  of  the  nndtT  plate  wiD  be 
liberated,  pasiting  down  into  the  gold  loaf  plates  and  eausinfr  them 
to  diverge.  When  we  come  to  speak  of  galvanism  we  shall  become 
aajnaintcd  with  numerous  modes  of  applying  the  condenser. 


CUAPTER  V. 


OP    BLECTmiC    LIOHT   AND   THE    MOTIONS  OP    ELECTRIPIED  BODIES. 


The  strongest  electric  discharges  that  can  be  accumulated  in  a 
iKMly  will  never  afford  the  least  appearance  of  light  as  long  as 
a  state  of  electric  equilibrium  sub.si»t8  and  the  electric  Huids 
are  at  rest.  The  first  requisite  for  tlie  appearance  of  electric  light 
is,  therefore,  the  motion  of  the  fluids  and  a  disturbance  of  the 
equilibrium.  This  condition  is  always  indis|)ensablc,  but  by  no 
means  sufficient,  it  being  necessar)*  beside«i  that  the  tension 
aflfecting  the  electric  diacharge  should  be  adequately  great. 
Whilst,  for  instance,  the  electricity  of  a  less  powerful  machine  can 
ymaa  thronijh  a  metal  wire  iuto  the  ground,  without  any  light 
being  visible  in  the  dark,  we  may  see  the  wire  of  a  strongly 
charged  machine  surrounded  by  a  luminoos  brightness.  The 
tension  necessary  to  produce  electric  light  dc'|M!nds  upon  the 
condition,  form  and  conductibibty  of  the  medium  thniugh  which 
the  electricity  nmst  pass.  Weak  tenaion  will  often  afliird  a  bright 
light,  wliile  in  other  cases  the  strongest  tensions  arc  insufficient  to 
give  the  least  numifcatAtion  nf  light. 

BUctric  light  in  the  air  and  in  othtr  gmcn  under  the  ftreanurfi  of 
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the  atmosphere. — ^The  distance  at  whicli  a  spark  caii  be  drawn  from 
an  electric  body,  depends  upon  the  couductibility  of  the  substance, 
the  Hizc  of  the  Burface  and  the  power  of  the  electric  charge. 
EJcctricity  flows  spontaneously  from  angular  botlies  and  ]>nints 
even  under  very  weak  tension,  and  we  may  in  the  dark  observe 
glittering  bnuhes  of  light,  several  inches  in  length.  A  very  strong 
charge  is  necessary  to  make  round  bodies  emit  sparks  spontaneously ; 
if,  however,  wc  bring  them  near  a  conductor  connected  with  the 
earth,  sparks  will  be  emitted  under  some  circuniBtauces  to  a  great 
distance,  forming  a  zigzag  line  like  the  course  of  lightning. 

In  order  to  multiply  the  spark*,  it  is  necessary  to  interrupt  the 
conductor  by  which  the  electricity  passes  to  the  earth,  and  by  this 
means  many  striking  effects  will  be  produced. 

Wc  may  by  means  of  metal  beads  (strung  upon  a  silk  thread, 
but  separated  some  millimetres  from  each  other  by  knots),  form 
cyphers  and  figures  of  various  kinds,  which  will  continue  to  shine 
as  long  as  we  turn  the  machine,  from  whose  conductor  electricity 
passes  through  this  chain  into  the  ground. 

Lightning  conductors  are  glass  tubes,  on  which  rhomboidal  shaped 
plates,  covered  with  tinfoil,  arc  placed  in  the 
order  represented  in  Fig.  381.  Tlicy  are 
generally  laid  on  in  such  a  manner  as  to  pass 
round  the  tube  like  a  progressive  screw  line. 
14  while  we  are  holding  the  one  end  of  sncb  a 
tube  in  the  hand,  wc  bring  the  other  near  the 
conductor  as  the  machine  revolves  we  aludl 
in  the  dark  see  sparks  continuously  pass 
between  every  two  plates,  so  as  to  appear  like 
one  connected  line  of  light  upon  the  tube. 

A  ligfiining  plate  is  represented  in  Fig.  382. 
A  row  of  stripes  covered  with  tinfoil  are  glued 
upon  a  glass  plate,  as  shown  in  the  Figure,  so 
that  a  metallic  line  of  connectitm  goes  from  a  to 
r,  provided  it  is  not  interrupted  at  the  spots 
marked  with  small  crosses.    If  wc  bring  z  into 
connection  with  the  external  coating  of  a  Leydcn  jar,  and  then  esta- 
blish a  connection  between  a  and  the  knob  of  the  jar,  sparks  will 
be  evolved  at  the  places  where  the  connecting  line  is  intemiptcd. 
We  may  in  this  manner  represent  cyphers  and  all  kinds  of  figurca. 
These  devices  may  be  altered  in  a  great  many  different  ways;  the 
following  examples  must,  however,  sufBcc. 
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XI.KCTRIC    LIGHT   IN    RAKZPIKD    AIR. 


The  brush  of  light  observed  in  the  dark,  on  placiug  upon  the 
cuitductur  of  the  electrifying  umcbine  a  point  from  which  the 
electricity  may  flow,  ih  reprcaented  in  Fig.  383.  Negative  clec- 
rio.  383.  tricity  never  gives  8uch  divergent  and  large  brushes 

of  light  as  the  positive.  Tliis  remarkable  pheno- 
menon is  very  deserving  of  attention,  aa  it  appears 
to  afford  a  characteristic  difference  by  which  we 
luay  dctine  the  two  electric  tiuids. 

On  bringing  a  metal  point  near  the  conductor 
of  a  machine  with  the  band,  we  observe  this  brush 
of  light. 

The  electric  spark  of  the  machine  ia  very  bright  iu  oon- 
dcnsed  utniospheric  air,  white  and  intt^use  in  carl>onic  acid  giu, 
red  and  faint  in  hydrogen,  yellow  in  steam,  and  of  an  apple-grccn 
colour  in  ether  and  alcohoL 

The  phenomena  of  light  evolved  from  the  electricity  of  a  machine 
arc  a  true,  although  faint  image,  of  the  electric  atmospherical 
jihcnomcna  exhibited  iu  thunder-storms. 

Electric  light  in  rarefied  air. — If  a  glass  tube,  several  feet  in 
length,  and  provided  at  both  extremities  with  metal  cuj)h,  be 
exhausted,  and  the  one  end  be  connected  nnth  the  conductor  of 
tiic  machine,  and  the  other  end  with  the  ground,  we  shall  sec  a 
vivid  light  within  the  tube.  As  the  electricity  in  the  rarcHcd  air 
meets  with  only  a  wcAk  resistance,  it  extends  thronglwut  the  whole 
tube,  marking  its  passage  by  dashes  of  light.  If  the  connection 
be  sufficiently  maintained,  the  light  will  appear  tixed  and  of 
uniform  outline^  but  as  soon  as  a  conducting  body  is  brought 
towards  it  from  without,  it  will  be  drawn  towards  it,  and  will  at 
the  same  lime  become  brighter. 

We  generally  take  lubes  sevrral  inches  in  thickness  for  these 
cx|HTiments.     A  soutewbut  differently  formed  apparatus  is,  how- 
ever, represented  in   Fig.  384,  this  being   an  el liptically- shaped 
,,0  3g4  glass  vessel.     At  the  two  ex- 

tremities arc  metal  fostcniugSj 
one  of  which  has  a  cock,  which 
may  be  screwed  on  to  an  air- 
pump.  The  fastening,  or . 
cap,  on  the  other  side,  is 
provided  with  a  leather  box,  through  which  pasties  the  metal  wire 
terminating  iu  the  knob  A',  which  may  thus  at  will  be  drown 
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nearer  to  h.  When  the  air  lias  been  quite  cxhanstcd  from  the 
apparatus,  the  eU^etncity  can  easily  pn«R,  and  fill  the  whole 
FM».  385.  vessel  with  light.  If  a  little  air  be  suffered  to  enter 
through  the  cock,  the  light  will  be  less  diffuse,  form- 
ing purplish  arcs  of  light  between  b  and  b*.  The 
more  air  we  admit,  the  more  the  expansion  of  thew: 
ap]>earance8  of  light  will  diminish,  approaching 
more  and  more  to  the  form  of  the  ordinarj'  electric 
spark. 

Electricity  lilcewise  exhibits  phenomena  of  light 
in  the  Toricellian  vacuum, 

Picard  first  remarked,  on  making  the  mercury 
oscillate  up  and  down,  that  a  barometer  was  lumi- 
nous ID  the  dark,  and  he  was  soon  convinced  that 
this  phenomenon  depended  upon  the  electricity 
developed  by  the  friction  of  the  mercury  on  the  sides 
of  the  tube.  Cavendish  constructed  the  dimble  barometer,  Fig.  386, 
to  observe  electric  light  in  the  Toricellian  vacuum ;  its  application 
will  be  understood  without  further  explanation. 

Motions  produced  6y  the  discharge  of  electricity.^- As  the  pheno- 
mena of  attraction  and  re])u]sion  have  already  Ix^en  deiscribed, 
it  only  remains  for  »i8  to  make  a  few  remarks  upon  the  motions 
occasioned  by  electricity.  A  metal  rod  /  t',  curved  at  both 
extremities,  in  opposite  directions,  is  placed  on  a  conducting 
point  c  p.  Fig.  386,  in  connection  with  the  conductor  of  the 
machine,  but  in  such  a  maimer  that  it  can  easily  place 
itself  in  equilibrium,  although  at  the  same  time  it  cuu 
just  as  easily  turn  in  a  horiswntal  plane  upon  the 
point.  Such  an  apparatus  is  termed  an  electric  flij' 
wheel.  As  soon  as  the  maebiue  is  turned,  the  wheel 
begins  to  rotate,  and  when  observed  in  the  dark,  the 
electricity  will  be  seen  to  ttow  from  the  points  in  the 
forms  of  brushes  of  light. 

This  motion  is  produced  by  the  discharge  of  the 
electric  fluid  from  the  points,  aud  con'esponds  cutirely  to  the 
phenomena  exhibited  by  the  rotation  of  Segntr^s  watcr- 
^rhecl. 

Motions  occasioned  by  electrical  re-action. — The  legs  of  frogs, 
when  suspended  in  the  vicinity  of  the  conductor  of  an  electrifying 
machine,  do  not  appear  to  ex])erience  any  change ;  if,  by  the  tum- 
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no.  S87.  iog  of  the  machine^  the  conductor  c  be  charged  \nth 
positive  electricity,  they  will,  however,  become 
^^  electric  by  iuJuction,  the  attracted  —  electricity 
^  accumulating  at  r,  and  the  repelled  +  electricity 
escaping  into  the  ground  by  the  wire  s.  As  soon  as 
we  draw  a  spark  from  the  conductor  c,  the  sudden 
re-union  of  the  two  electricities  wiU  produce  con- 
tortions in  the  frog's  leg,  a  proof  that  ou  a  return  to 
ita  natural  condition,  the  molecules  of  the  bodies  arc  affected  by 
the  pressure  of  the  electric  Huiils  .striving  to  re-miite.  These 
effects  are  designated  by  the  term  of  re-action.  The  experiment 
will  be  tried  to  no  purpose  on  a  frog  that  has  already  been  killed 
five  or  BIX  hours,  but  it  will  succeed  very  well  with  one  immediately 
after  it  has  been  killed,  or  better  still  with  the  living  animal. 

In  the  Wcinity  of  a  powerful  machine,  even  a  man  will 
receive  similar  shocks  when  standing  in  communication  with  the 
ground.  The  discharges  of  thunder-clouds  act  iu  Ukc  manner, 
that  is,  by  a  direct  shock,  and  by  re-action. 


PART  III. 

OALVANIBM. 


CHAPTER    I. 


ON    BLRCTRICITY   OF    CONTACT,    AND    O.V    THB    OALVANIC    CIRCUIT. 

In  the  year  1789,  Gahani  motic  a  discovery  at  Bologna,  by 
which  a  new  field  was  opened  to  Physics.  This  disctwery  was  the 
observation  of  the  seemingly  unimportant  fact,  that  the  freshly 
prepared  limbs  of  frogs,  suspended  by  copper  hooks  to  an  iron 
rod,  were  convulsed  as  ol^cn  as  the  muscles  of  the  thigh  were 
brought  into  contact  with  the  iron-railing  by  the  wiixJ,  4>r  any  other 
cause.     The  c<»|)|kt  hook  was  in  contact  with  the  crural  nene. 

It  was  at  first  supposed  that  this  phenomenon  could  be  explained 
by  the  existence  of  a  kind  of  nervous  fiuid,  similar  to  the  electric 
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finid ;  the  organic  body  was  regarded  as  a  kind  of  Lcyden  jar 
with  rcBpect  to  this  fluid,  the  ncnea  serving  as  the  coating  on  the 
one  partj  and  the  muscles  on  the  other.  A  discharge  ought  to  take 
place  a«  soon  as  the  nerves  and  muscles  were  brought  in  connect- 
ing communication  with  each  other,  as  seen  in  the  cxpcrimentK  of 
Gahanij  with  the  copper  hooks  and  iron -rail  in  trs. 

Alexander  VoHa  repeated  with  nnwcaricd  attention  the  experi- 
ments of  Gaivanij  and  soon  found  that  a  circumstance  had  hitherto 
been  wholly  overlooked  in  the  expcrinicTit,  which  was  very  essen- 
tial to  its  success.  For  instance,  to  obtain  a  strong  effect  it  wa« 
indispensable  that  the  circuit  of  connection  between  the  nerves  and 
muscles  should  consist  of  two  diffennt  metals  in  contact  with  ench 
other.  He  made  the  experiment,  as  represented  in  Fig.  388.  One 
no.  388.  P***^  "  °^  ^^  connection  is  sine,  the  other 

k  copper.  Both  metals  must  have  a 
perfect  metallic  surface  at  the  place 
where  they  come  into  contact  with  each 
other,  and  wherfr  they  touch  the  limh  of 
the  frog,  I'oUa  concluded  from  hia 
experiments,  that  the  leg  of  the  frog  was 
not  to  be  regarded  as  a  Lcyden  jar ;  that 
the  rtuid  acting  here  was  not  developed 
either  in  the  nerves  or  muscles,  but  by  the  contact  of  the  two 
metals,  and  that  it  was  i>erfectly  identical  with  the  common  electric 
fluid.  These  views  were  contested  by  Qalvani  and  his  adherent*,, 
each  party  seeking  to  confinn  the  correctness  of  his  theory  by 
new  cxperimeBta,  until  at  length  Volta's  opinions  were  generally 
received  and  adopted. 

Direct  proofi  of  the  development  of  electricity  by  contact. — The 
idea  that  electricity  could  be  developed  by  the  mere  contact  of 
heteixjgcncous  bodies  only  gained  credit  by  degrees,  the  severity 
of  science  requiring  direct  and  convincing  proofs;  these  were, 
however,  soon  afforded  by  Volta,  by  the  aid  of  art  apparatus 
invented  by  him  some  years  previously,  viz.,  the  conductor  with 
which  we  have  already  become  acquainted.  The  experiment  he 
made  is  conducted  in  the  following  manner.  iVfter  having  ascer- 
tained that  the  condenser  screwed  to  the  gold-leaf  electromotor. 
Pig.  389,  will  hold  a  charge  well,  and  after  restoring  it  to  ita 
natural  state,  we  place  with  the  other  linger  the  upper  plate  in 
connection  with  the  ground,  while  the  other  plate  is  touched  by  a 
piece  of  zinc,  also  in  connection  with  the  ground,  by  being  held  in 
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the  otber  band.     It  follows,  of  coune,  that  the  surfaces  of  the 

plates  of  the  condenser  must  not  be 
varnished  where  they  are  not  in  c»n- 
tact  with  each  other,  otherwise  there 
could  be  no  metallic  contact  between 
the  line  and  the  brass  (which  is 
almost  the  same  in  this  caae  as  pure 
copper)  of  one  of  the  plates  of  the 
condenser.  If  we  now  withdraw  the 
finger  from  the  upper,  and  the  zmc 
from  the  lower  plate,  after  the  contact 
has  lasted  for  a  minute  or  so,  and 
then  lift  utf  the  upper  plate  of  the 
condenser,  we  shall  perceive  a  decided 
divergence  of  the  gold  leaves.  \Vhencc  cornea  this  electricity  ?  It 
ean  evidently  arise  only  from  the  contact  uf  the  zinc  and  copper  of 
the  lower  plate  of  the  condenser ;  here  there  is  an  especial  force  at 
work,  to  separate  the  fluids  and  put  them  into  motion ;  the  positive 
electricity  will  pass  to  the  zinc,  and  from  thence  into  the  ground, 
while  the  negative,  on  the  contrary,  will  be  driven  to  the  lower 
brass,  or  copper  plate,  and  combined  there,  while  it  acta  decom- 
pimingly  upon  the  upper  plate.  If  now  tlic  latter  be  raised  up, 
the  combined  —  electricity  in  the  lower  plate  can  diffuse  itself,  and 
thus  effect  the  divergence  of  the  gold  leaf. 

If  we  vary  the  experiment  by  touching  the  upper  plate  of  the 
condenser  with  the  tine,  and  the  lower  with  the  finger,  the  gold 
leaf  will  diverge  with  -f  electricity. 

The  development  of  electricity  by  the  contact  of  different  metals 
may  be  still  better  sliown  by  help  of  Bohnenberger^B  electroscope. 
The  accompanying  Fig.  390  represent*  according  to  Feckner^s 
views,  the  best  form  for  this  instrument. 

In  a  horizontal  glass  tube  there  is 
inserted  a  so-called  dry  or  ZamhonVs 
pile,  the  properties  of  which  wc 
shall  consider  at  a  subsequent  period, 
the  glass  tube  is  closed  at  its  extro- 
mitiea  by  metal  caps,  from  which 
pass  metal  wires  e  and  /,  termi- 
nating in  the  plates  x  and  y.  Zam- 
bonVs  pile  has  this  property,  that  one  end  is  always  positively,  and 
the  other  negatively  electric,  consequently  one  phrte  x,  for  e2ample» 
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will  always   be  charged  with  — ,   and  the  other   with    +    elec- 
tricity. 

A  ZambanVs  pile  of  this  kind  is  fixed  iu  a  wooden  box,  Fig. 
891,  in  the  ujjjjer  part  of  which  there  is  an  aperture  for  the 
passage  of  the  poles  x  and  y. 

If  now  we  suppose  a  piece  of  gold 
leaf  suspended  midway  between  these 
poles  it  will  remain  at  rest,  Ix^iug 
equally  strongly  attracted  by  butli 
poles ;  on  charging  it  slightly  with 
positive  electricity,  it  will,  however, 
draw  nearer  tlie  negative  |>oIe,  and,  vice 
versoj  it  will  approacli  the  positive  pole 
on  being  charged  negatively, 

A  strip  of  gold  leaf  is  suspended 
between  the  two  poles ;  and  being 
fastened  to  a  metal  rod  inserted  in  a 
glass  tube  in  insulated  in  the  same  manner  as  the  rod  to  which 
bang  the  pendulums  represented  in  Fig.  389 ;  here  also  the  gold 
is  within  the  glass  vessel  to  prevent  the  disturbing  action  of 
currents  of  air. 

We  may  screw  metal  plates  to  the  upper  end  of  the  metal  stem 
holding  the  gold  leaf.  Let  us  assume  that  a  perfectly  smooth 
copper  plate  of  good  metallic  surface  has  been  screwed  on ;  on 
placing  upon  this  cnppcr  plate  a  similar  zinc  plate  with  an  equally 
good  metallic  surface,  a  discharge  will  follow  as  soon  as  wc  lift  off 
the  zinc  plate,  showing  that  the  copper  plate  was  negatively 
electric. 

If  the  zinc  plate  had  been  screwed  on  the  instrument,  a 
discharge  towards  the  negative  pole  would  have  followed  the 
removal  of  the  coppcr-platc,  l)ecausc  the  ainc  had  become  positively 
electrified  by  contact  with  the  copjicr. 

This  experiment  shows  then  not  only  that  electricity  is  deve- 
loped by  the  contact  of  copper  and  zinc,  (copper  becoming  nega- 
tively, and  the  zinc  positively  electric),  but  also,  that  the  largest 
amount  of  developed  electricity  remains  combined  at  the  surfaces 
of  contact  between  the  two  metals,  and  that  a  proportionately 
small  part  is  freely  distributed  over  the  metal  plates,  since  the 
discharge  does  not  follow  till  after  the  raising  of  the  other 
plate* 

Such  an  excitement  of  clectneity  occurs  almost  universally  when 
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hetero^neotia  anhBtances  romc  into  contact  with  CAch  other,  it  fur- 
nishes,  however,  nomc  of  iU  most  stnking  ilhistrBtioQd  with  the 
metalii.  The  unknown  cause  of  the  development  of  electricity  by 
the  contact  of  heterogeneous  substances  is  termed  the  electromotor 
power. 

Scale  of  TVfun'on,— The  electric  tensions  developed  by  the  elec- 
tromotor force,  and  distributed  over  the  bodies  in  contact,  is 
not  equal  for  all  substances.  jNletals  are  good  electromotors,  but 
even  among  them  we  observe  a  great  diSercncc  in  this  rcs])cct. 
For  instance,  zinc  will  become  much  more  stronfrly  charged  with  + 
electricity  when  in  contact  with  platinum  than  with  copper ; 
copper  will  become  negatively  electric  when  brought  into  contact 
nrith  zinc,  and  positively  so  when  in  connection  with  platinum.  Tlie 
following  table  exhibits  a  scries  of  bodies  so  arranged,  that  each 
preceding  one  l)ccomc8  positively  electric  when  in  contact  with  all 
the  succeeding  ones. 

+ 

Zinc 

Lead 

Tin 

Ir«n 

Copper 

SUver 

Gold 

Platinum 

Charcoal. 

The  electric  difference  between  rinc  and  copper,  and  that 
between  copper  and  platinum,  are  together  equal  to  the  electric 
difference  between  tine  and  platinum,  that  is,  if  we  lay  a  copper 
plate  upon  a  zinc  plate,  and  a  platinum  plate  on  the  former,  the 
electric  tension  of  the  extreme  plates  will  be  precisely  ra  gnuit  as 
if  the  platinum  and  zinc  plates  lay  immediately  over  each  other. 
All  bodies  in  the  above  given  series  bear  the  same  relation  to  each 
other,  for  if  we  place  three  layers  together,  the  electric  tension  of 
the  extreme  plates  will  always  be  the  same  as  if  they  were  in 
immediate  contact,  and  there  were  no  intervening  plates. 

The  same  holds  good  with  respect  to  4,  5,  or  more  metal  plates 
mngcfl  the  one  above  the  other,  the  tension  of  the  extreme  plate 
will  be  the  same  as  if  there  were  uo  intervening  plates.  All  metals 
assume  a  decided  jioaition  in  this  scale  of  tension  ;  charcoal  being 
in   this  respect   entirely   similar  io  a   metal,  and  more   electro- 
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negative  than  platinum.  Many  compound  bodies  also  assume 
a  dutliiitL'  place  in  this  scale,  as  for  instance,  binoxidc  of  manganese, 
oxide  of  iion,  sulphurut  of  iron,  aulphurct  of  lead,  &c.j  but  other 
compound  bodies,  as  fluids,  du  not  obey  the  laws  of  such  a  scale 
of  tension. 

Zinc  will  become  negatively  electric  in  contact  with  pure  water, 
but  now  if  we  put  water  into  this  scale  of  tension^  we  must, 
from  its  relation  to  this  metal,  place  it  over  zinc.  If  water  really 
took  this  position,  platinum  would  become  much  more  strongly 
negative  than  zinc  in  contact  with  water.  Experience,  however, 
shows  the  contrary  to  be  the  cascj  platinum  becoming  actually 
much  less  negatively  excited  than  zinc ;  we  see,  therefore,  that 
water  is  a  body  that  does  not  obey  the  laws  of  this  scale  of  tension. 
Diluted  sulphuric  acid  exhibits  a  similar  relation,  exciting  sine 
and  copper  negatively,  the  former,  however,  much  more  strongly 
than  the  latter  body ;  platinum  and  gold  are  positively  excited  by 
diluted  sulphuric  acid. 

The  peculiar  property  of  many  fluids,  which  prevents  us  from 
ranking  them  in  the  scale  of  tension,  enables  us  to  produce  a 
stronger  electric  tension  in  moist  conductors  by  layers  of  metal 
plates,  than  can  be  excited  by  two  metal  plates  in  contact  with  one 
another ;  we  shall  see  this  more  plainly  exempUHed  in  the  voUaie 
pile,  which  we  are  about  to  consider. 

Construction  of  the  voltaic  pile. — Three  different  bodies  are  used 
in  the  construction  of  the  voltaic  pile :  viz.  two  metals,  and  a  third 
body  having  no  place  in  the  scale  of  tension. 

The  metals  generally  used  are  copper  and  zinc,  two  bodies 
remotely  separated  in  the  scale  of  tension ;  zinc  forms  the  positive 
and  copper  the  negative  element.  A  copper  and  a  ainc  plate  ore 
usually  soldered  together. 

The  third  element  of  the  voltaic  pile  is  a  moist  disc,  that  is  ■ 
piece  of  cloth  or  pasteboard  saturated  with  pure  water,  a  very 
dilute  acid  or  a  solution  of  salt. 

Let  a  copper  plate  which  is  a  negative  elemeHt,  be  placed  in 
connection  with  the  ground  by  means  of  a  copper  wire  /,  Fig.  392, 
an  equally  large  zinc  plates  being  laid  upon 
its  upper  stuface.  By  the  electromotor  force, 
the  zinc  will  become  |»ositively,  and  the  copper 
negatively  electrified ;  but  the  hberated  electri* 
city  will  pass  off  into  the  ground,  whilst  there 
will  remain  upon  the  zinc  plate  liberated  elec- 
tricity,  he  density  of  which  will  depend  upon  tlie  electric  difference 
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between  copper  and  zinc.  If  wc  assume  this  density  as  a  unity, 
we  may  say  that  under  these  circumstances  the  density  of  the 
liberated  electricity  upon  the  copper  is  0,  while  liberated  + 
electricity  of  the  density  1  distributes  itself  over  the  line.  If  now 
by  any  means  a  portion  of  the  liberated  electricity  were  withdrawn 
from  the  sine,  so  that  its  density  became  less  than  1,  the  loss 
+  electricity  experienced  by  the  line  plate  would  be  imraediatcly 
cnmpenfiated  for  by  the  electromotor  force,  while  an  amount 
of  —  electricity,  fidly  equal  to  the  newly  developed  +  electricity 
passing  to  the  zinc  plate,  would  be  communicated  to  the  cop]>er 
plate,  and  thence  to  the  ground.  We  must  now  lay  a  piece  of  moist 
cloth  upon  the  zinc.  Lot  us  then  assume  for  the  sake  of  simpli- 
fying the  matter,  that  this  exercises  no  electromotor  force  when  in 
contact  with  zinc,  acting  merely  as  a  conductor,  then  a  portion  of 
liberated  +  electricity  will  pass  from  the  zinc  to  the  moist  cloth, 
the  loss  being,  however,  immediately  supplied,  «o  that  the  density 
of  the  liberated  +  electricity  on  the  zinc  will  remain  at  1,  wliile 
the  liberated  +  electricity  of  the  density  1  will  likewise  distribute 
itdcif  over  the  damp  cloth.  If  then  a  cop]>er  plate  be  again  laid  on 
the  moist  piece  of  cloth,  +  electricity  will  then  distribute  itself  over 
it,  and  attain  a  density  1.  We  shall  now  have,  therefore,  on  the 
ttndcr  copper  plate  a  density  of  0,  and  +  electricity  of  a  density 
=  1  on  the  zinc  plate,  the  moist  doth  and  the  upper  copper  plate. 

If  we  lay  a  zinc  plate  upon  the  upper  copper  plate,  the  former 
will  be  charged  with  free  +  electricity  of  the  density  1,  even  if 
there  be  no  electromotor  force  at  work ;  the  electric  difference 
between  copper  and  zinc  will,  however,  remain  still  the  same, 
being  according  to  our  previous  showing  always  ^  I ;  if,  therefore, 
the  nppcr  copjwr  plate  have  +  electricity  of  the  density  1,  the 
density  of  the  +  electricity  on  the  superposed  zinc  plate  must 
be  =  2. 

In  the  same  manner,  we  may  further  conclude,  that  on  laying 
upon  the  second  zinc  and  copper  layer  another  moist  cloth,  and 
then  again  a  copper  and  zinc  plate  in  the  same  order,  the  copper 
being  above  the  zinc  plates,  the  density  of  the  liberated  +  elec* 
tricity  on  this  third  layer  will  be  ^  3.  If  we  continue  to  pile 
the  elements  in  the  same  order,  namely  copper,  zinc  and  moist 
pieces  of  cloth,  the  freed  -f  electricity  upon  the  4th,  5th  .. .  100th 
zinc  plate  will  have  a  density  ^  4,  5  ...  or  100. 

The  above  described  arrangement  is  called  the  voitaic  pile  from 
tbe  name  of  its  inventor,  and  is  represented  in  Fig.  393|  as  consist- 
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ing  of  20  pairR  of  plates.  The  stand  is  made  of 
dried  wood,  the  pillars  supporting  the  pile,  of  glass. 
The  one  end  of  the  pile  is  called  the  zinc  end, 
from  the  plate  terminating  the  seriea,  or  also  the 
positive  poUj  and  the  other  is  the  copper  or  nega- 
iive  pole.  In  the  previously  dcecrihed  arrange- 
ment, the  negative  pole  waa  in  connection  with 
the  ground,  the  positive  one  insulated,  whiJc 
+  electricity  was  distrihuted  over  the  whole  pile, 
the  density  increasing  from  below  upwards  accord- 
ing to  our  considerations.  If  the  negative  pole  be 
insulated  and  the  positive  one  put  into  connection 
with  the  ground,  the  density  of  the  liberated 
electricity  npou  the  zinc  end  will  be  0,  whiUt 
—  electricity  will  be  distributed  over  the  whole 
pile,  ita  density  increasing  towards  the  copper 
end. 

The  insulffted  pile. — Let  us  assume  that  we 
have  one  pile  consisting  of  100  double  plates, 
whose  negative  pole  ie  in  connection  with  the 
ground,  and  another  precisely  similar  to  the  former,  with  the 
exception  of  its  positive  pole  communicating  with  the  ground.  If  now 
we  put  the  two  piles  together  in  such  a  manner  that  by  the  inter- 
|x>8ition  of  a  piece  of  wetted  cloth,  the  two  discharging  poles  may 
touch  each  other  (that  is  the  4  pole  of  the  one  pile  and  the  —  pole 
of  the  other)  we  shall  have  a  single  pile  of  200  double  platca,  the 
halves  of  which  will  be  still  in  the  same  condition  as  before ;  even 
on  interrupting  the  conducting  communicatiou  with  the  ground. 
The  middle  will  be  consequently  in  its  natural  condition  even  when 
the  connexion  with  the  earth  has  ceased.  The  one  half  will  be  posi- 
tively, and  the  other  hutf  negatively  charged,  the  strength  of  the 
charge  increasing  from  the  middle  towards  the  poles.  The  electric 
tension  at  each  pultf  will  be  precisely  the  same  as  at  the  insu- 
lated pole  of  a  pile  of  100  double  plates,  where  the  opposite  pole 
has  been  connected  with  the  gromid.  If  we  disturb  this  eqni* 
Ubrium  by  taking  away  a  portion  of  electricity  from  one  jwle,  the 
tension  will  be  diminished  here,  while  it  will  increase  at  the 
opposite  pole,  and  the  point  of  the  pile  still  in  a  natural  condition 
will  be  moved  more  and  more  from  the  middle  towards  the  pole 
from  which  electricity  has  been  withdrawn.  If,  however,  the 
whole  pile  remains  insulated,  the  former  condition  will  be  gradually 
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restored,  that  is  to  say,  the  condition  of  equilibrium  gradually 
return  to  the  middle,  because  there  will  be  constantly  a  larger  dis- 
charge of  electricity  passing  from  the  more  strongly  charged  pole. 
Electric  cquilibriiun  is,  therefore,  restored  in  each  thoroughly 
insulated  pile  in  such  a  manner  that  the  middle  ia  in  a  natuml 
condition,  while  the  two  halves  are  charged  with  opposite  elec- 
tricity, the  density  of  which  increases  from  one  pair  of  plates  to 
the  other  towards  the  poles. 

The  closed  pile. — As  the  two  polos  of  an  insulated  pile  sre 
always  sources  of  opposite  electricity,  it  is  char,  that  if  we  join 
to  each  pole  a  wire,  each  of  these  wires  will  become  charged 
with  the  electricity  of  its  pole.  We  thus  procure  a  posi- 
tively and  a  negatively  charged  conductor,  if  the  two  conductors 
be  brought  into  contact  with  each  other,  a  constant  re-union 
of  the  electricities  developed  in  the  pile  must  take  place.  This 
is  shown  in  Fig.  393.  On  bringing  the  two  wires  (oflen  called 
the  two  poles)  within  a  short  distance  of  i-ach  other,  we  see  an 
uninterrupted  current  of  sparks  pass  from  the  one  to  the  other. 

If  we  bring  the  two  conducting  wires  into  immediate  contact  with 
each  other,  that  is,  if  we  close  the  circuit,  the  passage  of  sparks  will 
ceastr,  although  all  electrical  action  will  not  be  wholly  destroyed  on 
that  account.  Electricity  is  continuously  developed  in  the  pile, 
and  a  reunion  of  the  electricities  separatcfl  in  the  pile  is  con- 
tinuously taking  place  at  all  points  of  the  closing  wire.  While 
everything,  therefore,  appears  at  rest  citemally,  there  is  iotemally 
continual  activit)'  and  motion. 

This  electric  current  is  capable  of  producing  very  powerful 
effects  upon  the  nerves,  of  making  metal  wire**  red  hot,  the 
magnetic  needle  deviate,  and  of  occasioning  chemical  decomposi- 
tions. We  shall  soon  proceed  to  the  consideration  of  some  of  these 
actions. 

The  dry  pile. — In  dry  piles,  the  electromotors  are  likewise  metallic 
subst-ances  ;  but  the  conducting  medium  separating  every  two  pairs 
is  not  a  fluid,  but  some  solid  body,  which  is  eitht-r  j>c'rfeetly 
dry,  or  only  partially  damp.  Among  the  different  apparatus  of 
this  kind  that  have  successively  been  suggested,  that  of  Zomboni 
appears  the  most  efficacious.  On  a  piece  of  common  wTiting 
paper,  exactly  as  moist  as  it  would  be  if  left  to  itself  in  damp 
weather,  we  fix  with  gum  or  starch,  on  one  side  silvcrr  leaf 
(sine),  while  we  rub  finely  pulverised  niaugiuicse  (binoxide  of 
manganese)     on    the    other     with    a    cork ;    several    slieetA    i>f 
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paper  thus  prepared  arc  then  laid  over  one  another,  and  cut  with 
a  stamp  into  round  pieces  from  10  to  15  lines  in  diameter.  Piles 
of  from  1000  to  2000  double  plates  are  now  made  from  these 
round  discs,  which  must,  however,  be  carefully  piled  up  in  the 
same  order,  so  that  the  zinc  sides  are  all  turned  either  upwards  or 
downwards.  The  pile  must  be  compressed  in  order  to  secure  a 
perfect  connection  between  the  metal  plates,  after  sufficiently 
strong  metal  plates  having  3  or  4  projecting  parts  have  been 
attached  to  the  extremities,  and  joined  together  with  silk  corda. 
The  pile  is  rubl)ed  over  with  melted  sulphur  or  shell-lac  to  protect 
it  from  the  influence  of  the  weather. 

We  may  also  form  these  dry  piles  from  gold  and  silver  ])aper. 
For  this  purpose  we  glue  together  on  the  paper  sides  a  sheet  of 
fictitious  gold  leaf  (copper),  and  a  sheet  of  fictitious  silver  leaf  (tin), 
so  that  we  obtain  a  piece  of  paper  covered  on  the  one  side  with 
copper,  and  on  the  other  with  tin.  From  the  paper  thus  prepared 
the  discs  are  cut. 

Properties  ttf  ike  dry  pile. — A  Zamton^s  pile  of  3000  plates  is 
unable  to  give  the  least  shock,  or  produce  the  least  chemical 
decomposition,  notwithstanding  that  tt«  poles  show  a  marked 
tension.  Even  a  pile  of  100  or  200  double  plates  produces 
divergence  in  a  gold  leaf  electromotor  without  the  use  of  a  con- 
deuser ;  and  to  effect  this,  it  is  only  necessary  to  hold  one  pole 
in  one  hand,  while  we  touch  with  the  other  hand  the  plate  or  the 
hall  of  the  electromotor.  We  obtain  a  very  considerable  diver- 
gence with  piles  of  from  800  to  1000  double  plates. 

If  wc  touch  one  coating  of  a  Franklin  plate  with  the  pole  of 
such  a  pile  whilst  the  other  pole  is  connected  with  the  ground, 
wc  may  often  succeed  in  imparting  so  strong  a  charge  to  the  plate 
as  to  cause  the  emission  of  a  spark  by  its  discharge. 

If  both  i>ok's  of  the  pile  be  insulated,  the  opposite  electricities 
will  soon  accumulate  in  equal  ])n)portion8  at  the  poles ;  the  tension 
Increasing  here  until  the  quantity  of  eleetricity  lost  by  each  pole  in 
a  given  time  through  the  action  of  the  atmosphere  is  equal  to  the 
quantity  again  imparted  in  the  same  space  of  time  to  the  pole  by 
the  pile.  From  this  moment  the  tension  at  the  poles  remains 
constant.  If  now  the  air  be  more  moist,  the  electric  loss  at  the 
poles  will  amount  to  a  larger  fraction  of  the  electricity  accumulated 
thei-e,  whilst  the  amount  of  electricity  oinveyed  to  the  pole  will 
remain  the  same ;  hence  it  follows  that  the  tension  at  the  poles 
must  be  less  in  damp  air  than  iu  a  dry  state  of  the  atmosphere. 
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If  weftrrangc  two  Zamboni*s  piles  side  by  side,  in  such  a  manner 
that  the  positive  pole  of  the  one,  and  the  negative  pole  of  the  other 
is  directed  upwurds,  a  light  pendulum  must  constantly  oscillate 
between  the  two  poles.  On  this  principle  is  grounded  the  so-called 
perjtetual  motion. 

A  piece  of  gold  leaf  suspended  between  two  Zamhoni*M  piles,  will 
incline  first  towards  one  and  then  towards  the  other  pole,  provided 
it  be  but  feebly  charged  with  either  kind  of  electricity.  Instead 
of  the  two  vertical  piles  we  may  make  use  of  a  horizontal  one, 
whose  poles  are  connected  by  means  of  conducting  nircs  with  two 
metal  plates  standing  o])posite  to  each  other^  and  thus  we  shall 
obtain  the  apparatus  described  at  pages  361  and  362. 

DiJfereiU  forms  of  the  galvanic  circuit. — All  o]>paratus  sening 
to  produce  a  continual  electric  current  are  termed  galvanic  cir- 
cuits. They  are  generally  conatructcd  of  two  mctaU  and  one  fluid. 
The  voltaic  pile  formerly  described  was  the  tirst  apparatus  of  the 
kind ;  the  form  offers  however  many  objections.  The  lower  layers, 
for  instance,  are  more  strongly  compressed  by  the  weight  of  the 
upper  layers,  the  damp  discs  are  thus  dried  while  the  fluid  escapes 
at  the  side  of  the  pile ;  by  which  means  a  conducting  communica- 
tion is  established  between  the  separate  pairs  of  plates  highly 
injurious  to  the  combined  effect  of  the  whole. 

The  Trough  apparatus^  which  was  in  use  for  a  longer  period  ia 
represented  at  Figs.  894  and  395.     The  separate  elements  consist 

of  roetangular  plates 
of  copper  and  zinc 
soldered  together. 
They  are  laid  in 
parallel  rows  in  a 
wooden  case  b  b', 
whose  inner  walla 
arc  covered  with  a 
non-conducting  coat  of  resin ;  the  pairs  of  plates  being  so  inserted 
that  the  intervals  between  every  two  form  cells  or  troughs,  which 
are  filled  with  acidulated  water.  This  layer  of  water,  about  3  lines 
in  thickness,  supplies  the  place  of  the  moist  pieces  of  cloth. 

In  other  galvanic  apparatus  the  fluid  ia  put  into  separate 
rcMeU  or  glasses  ranged  circularly  or  in  a  straight  line.  Each 
glaw  contains  one  zinc  and  one  coppcr-platc  not  in  contact  with 
each  other,  while  every  sine  plate  is  connected  with  the  copper. 
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plate  of  the  preceding  glass  by  a  copper  wire  or  copper  band.  To 
tlua  class  bflonga  especially  lVollasioH*s  battery.  To  understand 
the  construction  of  thla  apparatus,  we  must  first  consider  two 
double  plates,  of  which  a  aide  view  is  represented  in  Fig.  396, 
and  a  front  one  in  Fig.  397.     The  copper  band  c  »  ia  soldered 
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to  the  zinc  plate  sz  at  s;  c'  s'  Ls  the  second  band  of  copj>cr 
soldered  at  s'  to  a  second  zinc  plate.  The  co])pcr  band  c'  a*  ia 
connected  with  a  copper-plate,  which  is  entirely  curved  round 
the  first  zinc  plate  without  touching  it. 

A  !<iuiilLu:  copper  plate  passes  round  the  second  Einc  plate,  being 
connected  with  the  wire  of  the  negative  pole.  Each  pair  of  plates 
is  immersed  in  a  vessel  filled  with  acidulated  water.  The  first 
ziue  plate  becomes  4-  electric  when  brought  into  contact  with  the 
liand  of  copper  c  8 ;  this  +  charge  pasaea  through  the  fluid  to  the 
cupper  plate  which  surrounds  the  zinc  plate  without  touching  it, 
and  frum  this  copper  plate  through  the  band  of  copper  to  the 
second  zinc  plate,  &c.  This  arrangement  has  great  advantages  :— 
1.  A  copper  surface  is  opjwscd  to  the  two  surfaces  of  each  xinc 
plate ;  2.  The  stratum  of  intcrvenoua  liquid  thrtjugh  which  the  . 
electricity  passes  from  a  zinc  plate  to  the  next  copper  plate,  is  ^H 
extremely  thin  ;  and  3.  From  the  considerable  quantity  of  liquid  ^^ 
in  each  vessel,  its  nature  is  not  so  rapidly  altered,  as  is  the  case 
with  the  dry  apparatus,  whose  activity  soou  diminishes.  Fig. 
398  gives  a  side.  Fig.  399  a  front  view  of  a  complete  Wollaston't 
battery,  and  Fig.  -100  the  ground  work.  The  whole  nmubcr  of 
pairs  of  plates  is  fixed  to  a  wooden  frame,  so  that  they  may 
all    be    dipped    simultaueously    into,     or    taken     out     of    the 
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liqnid.  Water  is  the  liquid  generally  used,  to  which  -rVth 
sulphuric  acid,  and  -y^^tb  nitric  acid,  is  added.  The  number  of 
pairs  of  platca,  and  their  surface  required,  depend  upon  the 
jiurptiws  to  which  the  voltaic  apparatus  is  applied.  Many 
phenomena  may  be  produced  M^ith  a  battery  of  many  pairs  of 
amall  site,  others,  again,  require  a  single  pair  only,  but  of  con- 
siderable dimensions,  and  with  perfect  metallic  contact. 
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The  simple  circuit  shown  in  Figs.  401  and  402,  is  used  for  such 
experiments  as  require  a  large  quantity  of  electricity  in   motion, 

but  of  a  small  degree  of  tension. 
C  is  a  vessel  fiirmed  of  two  cylinders 
of  copper  sheeting  of  different  dia- 
meters, the  one  placed  within  the  other, 
and  so  arranged  that  the  space  in- 
tervening between  the  two  may  be  filled 
by  the  zinc  cylinder  7,  and  the  acidu- 
lated water.  A  copper  wire  ending  in  a 
cup  containing  mercury  is  soldered  to 
the  sine  cylinder.  A  similar  mercury  cup  is  attached  to  the  copper 
vcsAcl.  In  placing  the  zinc  cylinder  within  the  cupper  vcMel,  care 
must  be  taken  that  the  zinc  does  not  come  in  contact  with  the 
copper.  This  is  most  easily  prevented  by  means  of  pieces  of  cork. 
If  wc  wish  to  complete  the  circuit,  wc  must  connect  the  mercury 
CUpH  by  a  metallic  wire.  This  apparatus  has  this  advantage  that 
it  enables  the  zinc  to  be  ver}*  conveniently  cleaned. 

Hare'a  Cahrimoior  represented  in  Figs.  403  and   404^  is  used 
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where  we  have  to  act  upon 

hlargt:  surface  of  metal  platca. 
On  a  wooden  cylinder  A,  about 
3  inches  in  diameter,  and  from 
a  foot  tn  a  foot  and  a  half  in 
height  there  arc  two  platea,  one 
of  zinc  and  the  other  of  copper, 
rolled  up  in  the  same  manner,  and 
scparatLHl  by  cloth  strips  /.  We 
thus  obtain  a  pair  of  platea  of 
50  to  60  square  feet  in  area. 
The  name  Calorimotor  is  applit'd 
to  this  apparatus  from  its  special 
property  of  making  metal  wires  red  hot,  and  e^en  fusing  them. 

In  all  the  circuits  we  have  hitherto  described,  whether  simple 
or  compound,  the  action  is  very  energetic  immediately  after  immer- 
Bion  into  the  acid  fluid,  but  it  very  rapidly  diminishes.  Thin 
variation  in  the  current,  always  occasions  great  disturbance  in 
experiments  made  to  compare  the  force  of  different  currents. 
The  constant  batteries  which  have  lately  come  into  use,  are,  how- 
ever, free  from  this  inconvenience.  We  must  here  limit  ourselves 
to  a  description  of  the  most  important  constant  circuits,  reserving 
for  a  subsequent  occasion  an  exposition  nf  the  theory  as  well  an 
the  causes  that  contribute  to  the  rapid  diminution  of  the  force 
of  the  cuiTcnt  in  ordinary  circtiits. 

As  inventor  of  the  constant  circuit,  BecqnerePs  name  deserves 
mention.      Fig.  406  represents  an  clement   of  BecqtiereVs  con- 
no.  -105.  stant  circuit ;    it    consists  of  a   hollow 
cylinder  a  made  of  thin  copjrer  sheeting 
loaded  with  some  sand  b  and  closed  on 
all  sides.     The  bottom  c  is  even,  the  top 
d  conical,  having  over  it  a  rim  e  per- 
forated with  numerous  holes.   The  whole 
cylinder  is  surrounded  by   a  bladder  ff, 
fastened  to  the  rim  e  above  the  boles  /. 
Vt'c  now  pour  a  solution  of  sulphate  of 
copper  on  the  cone  <(,  and  this  running 
through    the    holca   /,    fills    the   space 
between  the  bladder  aud  the  cylinder  a ;  a 
few  crystals  of  sulphate  of  copper  (blue  vitriol)  are  laid  upon  the  cone  rf, 
being  gradually  dissolved  by  the  fluid  flo'A'ing  over  them.  The  bladder 
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is  enclosed  in  a  hollow  cylinder  h,  slit  lengthwise  bo  that  it  may 
be  widened  or  contracted  at  will.  Tliis  sine  cylinder,  as  well  as 
the  bladder  containing  the  copper  cylinder  and  the  blue  vitriol 
solution  are  immersed  in  &  veasel  i,  made  either  of  glass  or  porce- 
lain^  which  contains  dilute  sulphuric  acid,  or  a  solution  of  fiulphate 
of  zinc,  or  of  muriate  of  soda.  Two  strong  copper  wires  p  and  n, 
one  of  which  is  soldered  to  the  zmc  cylinder  and  the  other  to  the 
copper,  form  the  two  poles  of  the  clement.  If  we  establish  a 
metallic  connection  between  these  two  poles  the  electric  current 
will  begin  to  circulate. 

Daniet*$  constani  battery  is  only  a  modiBcation  of  Btc^uereVa 
invention. 

In  the  Bunscn  buttcrj',  the  place  of  the  copper  is  supplied  by 
carbon,  which  is  Htill  more  negatively  electric,  and  is  used  here 
in  the  form  of  hollow  cylinders.  A  hollow  cybndcr  of  this  kind, 
open  at  the  bottom,  120""  in  height  and  (U""*  in  diameter,  having 
its  sides  about  6'^'°  in  thickness  is  placed  in  a  glass  vessel,  as  seen 
no.  400.  ill  Pig*  406,  somewhat  contracted  towards 

the  top,  so  as  to  have  no  great  interstice 
between  the  carbon  and  the  ghiss,  the 
cylinder  standing  consequently  quite  fast  in 
the  glass.  We  now  place  in  the  hollow  of 
the  earlxtn  cylinder,  a  hollow  cylinder  of 
I>orous  clay,  closed  at  the  bottom,  and 
hiiving  at  the  height  of  about  105"",  such 
a  diameter  as  to  make  it  6t  into  the  cavity 
of  the  carbon  cylinder,  and  to  leave  a  very 
small  «;])ncL'  between  the  day  and  the  carbon.  The  clay  cavity 
is  dlled  with  dilute  sulphuric  acid,  but  the  glass  contains  so  much 
concentrated  nitric  acid,  that  when  the  clay  cylinder  is  put  in, 
almost  the  whole  free  space  of  the  glo«a  is  tilled  to  the  narrow 
neck  of  the  vessel  with  the  last  named  fluid. 

The  upper  end  of  the  carbon  cylinder  projects  beyond  the 
glass  and  is  slightly  conical,  so  that  a  likewise  slightly  conical 
ring  of  zinc  a  can  be  fastened  to  it.  This  ring  supports  by  means 
of  a  zinc  brace  b,  a  hollow  zinc  cylinder  e  about  87*"  in  height 
and  40""'  in  diameter.  This  cylinder  c  is  suspended  in  the  cUy 
cavity  of  the  next  glass  in  the  dilute  sulphuric  acid. 

Fig.  407  clearly  exhibits  the  manner  in  which  one  pair  of  zinc 
plates  is  connected  with  the  next,  the  diagrams  showing  the  outlines 
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"«*  <07.  of  four  pairs.     The  carbon  cy- 

lindcraaredistingiiisbedby  diffe- 
rent horizontal  baada.  Within 
each  carbon  cylinder,  we  «ee 
two  white  rings  in  the  figare ; 
the  outer  one  represents  the 
clay  cj'linder  seen  from  above, 
the  inner  one  the  sine  cylinder. 
The  sine  cyhnder  of  the  first 
glass,  is  connected  by  a  strip 
with  the  zinc  ring  encircling  the 
charcoal  cylinder  of  the  second  glass.  In  like  manner,  a  eidc 
strip  connects  the  zinc  cylinder  of  the  second  glass  with  the  zinc 
ring  of  the  third,  and  a  third  strip  joins  the  third  zinc  cylinder 
to  the  fourth  zinc  ring.  The  ring  placed  upon  the  tirst  carbon 
cylinder  ends  in  a  zinc  strip,  scning  as  a  positive  pole  ;  the  line 
strip  n,  with  which  the  zinc  cylinder  terminates  in  the  fourth 
glass,  is  the  negative  ]K)le  of  the  circuit. 

In  the  same  manner  we  may  construct  circuits  of  any  number 
of  pairs. 

In  each  separate  pair,  the  -\-  current  passes  from  the  zinc  ring 
enclosing  the  carbon  through  the  strip  to  the  zinc  cylinder  of 
the  next  glass,  from  the  latter  through  the  dilute  sulphuric  acid, 
the  pores  of  the  clay  cavity  and  the  nitric  acid  to  the  next  piece 
of  carbon,  &c. 

The  carbon  used  for  these  c)'linders  is  prepared  in  a  peculiar 
manner  from  coal  and  coke ;  but  we  cannot  enter  here  into  an 
exposition  of  the  process. 

Grov^a  battery  is  very  similar  in  its  construction  to  Bunsen*t, 
the  difference  between  them  being  principally  that  in  the  former 
platinum  is  used  instead  of  carbon. 


4 


P0Y8I0LO0IC&L    ACTION    Of   GALVANIC    PILES. 


375 


CHAPTER  II. 


ACTIONS  OP  THB  GALVANIC  CUBBCNT. 


Physiohgical  actions  of  galvanic  pilet. — The  convnUionti  of  the 
ncrvea  produced  by  the  electricity  of  the  voltaic  piles,  arc  not  less 
violent  than  thc^e  occasioned  by  common  electric  batteries ;  their 
intcDHity  depending  upon  the  number  of  pairs  of  plates,  that  is 
ti]>ou  the  amount  of  tension.  To  conduct  the  charge  of  the  piles 
through  the  human  body,  it  is  necessary  to  moisten  the  hands,  as 
for  instance  with  salt  water,  the  epidermis  being  a  very  bad  con- 
ductor. On  touching  both  poles  of  a  pile  of  20  to  30  pairs  of 
plates  with  dry  fingers,  we  do  not  experience  the  slightest  shockj 
but  the  charge  is  perceptible  the  instant  we  wet  the  bunds.  The 
charge  of  a  pile  of  80  to  100  pairs  of  plates  is  very  marked. 

We  feel  a  shock  at  the  moment  in  which  we  close  the  circuit 
with  the  fingers  ;  as  long  as  it  remains  closed,  the  electric  current 
circulates  through  the  body  without  producing  any  verj'  marked 
action  upon  the  feelings,  and  it  is  only  with  very  powerfiil  piles 
of  many  pairs  of  plates,  that  one  is  conscious  of  a  burning  tingling 
sinsatiun  at  the  places  where  the  current  enters  the  body.  A 
second  shock  is  felt,  however,  at  the  moment  iu  which  the  current 
is  reopened ;  but  this,  termed  the  separation  shock,  is  much  weaker 
than  the  doting  shock. 

Even  a  simple  current  will  make  a  lightning-like  appearance 
Hash  before  the  eyes.  We  may  make  the  experiment  in  various 
ways ;  thus,  for  instance,  we  may  bring  a  silver  plate  towards  the 
pnpU  of  the  eye,  or  towards  the  eye-lid,  which  must  be  prc\iou8ly 
well  moistened,  and  then  touch  the  plate  with  a  piece  of  zinc  held 
in  the  moistened  hand,  or  retained  in  the  mouth.  On  conducting 
the  current  of  a  pile  through  the  eyes,  the  appearance  of  light 
will  be  stronger. 

If  now  wc  lay  a  piece  of  rinc  above,  and  a  piece  of  silver  under 
the  tongue,  and  then  bring  the  upper  extremities  of  both  metals 
in  contact,  we  shall  percci^T  a  peculiarly  bitter  taste. 

Generation  of  light  atui  heal  by  galvanic  currents. — Galvanic 
currents,  like  the  electricity  of  friction,  pn^ducc  heat  and  light. 

If  we  conduct  a  galvanic  current  through  a  metal  wire,  it  will 
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be  heated ;  the  connecting  wire  must,  however,  be  very  short  anc 
thin,  to  yield  a  powerful  action.  The  intensity  of  the  heat  will 
depend  upon  the  size,  and  not  on  the  number  of  the  metal  platee. 
To  TTiaku  metallic  wires  red  hot,  it  is  only  necessary  to  use  a  simple 
current  of  large  surface,  as  represented  in  Fig.  40B.  A  Btmter^a 
battery  is  also  well  adapted  for  this  experiment.  The 
'.,  larger  the  acting  surface  of  the  galvanic  apparatiis,  the 
greater  may  be  the  thickness  of  the  wires  that  are 
to  be  made  red  hot  and  melted. 

Iron  and  steel  wire  attain  a  white  heat,  melt,  and 
bum  with  the  emission  of  vi\id  sparks. 

Platinum  wires  become  vividly  glowing  and  melt 
away,  if  they  are  made  short  and  thin  enough  for  the  circuit  naed 
in  the  experiment. 

Thin  gold-leaf  volatilizes^  and  as  one  cannot  use  it  for  touching 
the  poles,  without  its  being  converted  into  vapour  at  the  place  of 
contact,  the  current  is  constantly  interrupted  and  again  closed*  by 
which  means  we  see  emitted  u  number  of  small,  atuning  sparks 
of  a  greenish  colour.     Silver  tissue  exhibits  the  same  phenomena. 

If  we  fasten  to  each  of  the  poles  of  a  galvanic  circuit,  pointed 
pieces  of  carbon  (of  the  kind  and  size  used  in  the  carbon 
cylinders  of  Bunsen's  battery),  we  shall,  as  soon  as  these  pointa 
come  into  contact,  perceive  an  uncommonly  glittering  light.  Thia 
bright  hght  can  he  seen  by  a  Bungen'a  battery  of  only  four 
elements:  a  small,  brightly  luminons  star  appearing  where  the 
points  of  the  charcoal  come  into  contact  with  each  other.  By 
increasing  the  number  of  the  elements,  the  splendour  of  the 
appearance  considerably  increases ;  and  thus,  in  a  circuit  consisting 
of  from  30  to  50  elements,  we  may  obtain  a  light  far  exceeding  in 
brightness  Drummonrf's  hydro-oxygen  light.  By  the  application  of 
this  number  of  pairs  of  plates,  wc  may  remove  the  points  of  the 
pieces  of  carbon  tolerably  far  from  each  other,  if  only  the  current 
passes,  and  we  may  thus  obtain  a  splendid  bow  of  light,  formed 
by  the  glowing  particles  of  the  charcoal  which  pass  front  one 
pole  to  the  other. 

Chemical  actions  of  the  voltaic  pile. — The  first,  and  most 
important  chemical  action  of  the  pile,  was  diacovered  by  CarlisU 
and  Nicholson,  at  the  beginning  of  the  present  century,  (30th  of 
April,  1800).  These  two  natural  philosophers  had  hastily  built 
up  a  pile  of  coins,   zinc  plates,  and  damp  pieces  of  pasteboard. 
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no.  409. 


in  order  to  repeat  some  of  the  ex])erimeutH  of  VoUa.  After  a  few 
trials,  the  bdicU  uf  bydmgeu  Ijcoune  obvious,  and  Nicholson  waa 
led  by  tbia  to  the  happy  idea  of  aufferiiig  the  current  to  paas 
through  a  tube  filled  with  water,  into  which  lluid  he  plunged  both 
poles,  holding  them  at  some  distance  apart.  The  bydro^n  gas 
■oon  roac  to  the  negative  pole  in  small  globules,  whilst  the  zinc 
wire,  cunuectcd  with  the  positive  ])ole,  became  oxidised.  If,  how- 
ever,  a  platinum,  or  silver  wire  waa  uacd  in  the  place  of  the  zinc, 
it  did  not  oxidise ;  but  the  oxygen  likewise  rose  in  bubbles  to  the 
surface.  This  water  was  at  length  directly  decomposed  into  its 
elements.  Cavendish  certainly  had  already  shown  that  oxygen  and 
hydrogen  combine  to  form  water;  but  notwithstanding  all  efforts 
made  fur  the  purpose,  no  one  had  yet  succeeded  in  accomplishing 
the  direct  decomposition  of  water.  A  suitable  apparatus  fur  the 
decomposition  of  water  is  represented  in  Pig.  409.  It  cousiats  of 
a  glass,  in  the  bottom  of  which  two  platinum  wires 
/and/  are  inserted,  without  being  suffered  to  touch 
each  other.  Two  glass  bells,  o  and  h,  are  filled 
with  water,  and  set  inverted  in  the  glass,  so  that  one 
may  cover  each  of  the  wires.  As  soon  as  the  wires 
/  and/,  arc  bmught  into  coutact  with  the  poles  of 
ihu  circuit,  bubbli-s  of  gas  are  developed  in  large 
quantities.  Pure  oxygen  gas  always  rises  in  the 
bell  at  the  +  pole,  and  hydrogen  gas  at  the 
other.  It  will,  of  coiurse,  be  understood  that  the  water  in  the 
bell  must  not  be  8C]>arated  from  that  in  the  vessel,  so  that  the 
currt*nt  may  pass  through  the  fluid  from  one  wire  to  the  other. 

The  development  of  gas  will  increase  in  quautity,  as  the 
distance  between  the  polar  wires  /  and  /  is  diminished,  and 
according  to  the  amount  of  surface  of  the  metal  standing 
in  contact  with  the  water.  In  many  apparatus,  therefore, 
•erving  for  the  decomposition  of  water,  the  wires  have  been 
replaced  by  platinum  plates. 

Distilled  and  perfectly  pure  water  is,  however,  but  slowly 
decomjiosed  in  this  manner ;  but  as  soon  as  wc  potur  a  few  dropo 
of  any  acid,  or  dissolve  a  few  grains  of  salt  in  the  water,  by  which 
the  conducting  power  of  the  Huid  is  considerably  beigbteuod,  a 
very  strong  action  begins,  affording,  in  a  short  time,  a  large 
quantity  of  gas.  Wc  will  subsequently  consider  how  the  quantity 
of  the  gas  developed,  depends  uftou  the  force  of  the  current. 
1    The  apiiaratus  shown  in  Fig.  410,  may  be  tised  where  we  do  not 
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'»«-  <J0.  care  to  have  tbc  two  kinds  of  gas  sepa- 

rated, as  it  enables  us  to  decompose  a 
lar^r  quantity  of  water,  owing  to  the 
greater  \icinity  of  two  laro;e  polar  plates 
of  platinum.  The  explosive  gas  escapes 
through  a  curved  tubc^  and  on  imniers- 
mg  the  opeuiug  of  the  latter  under  water, 
we  may  collect  the  gas,  or  make  the 
escaping  bubbles  detonate. 

The  quantity  of  oxygen  liberated  al 
the  -I-  pole,  and  collected  in  the  lube  o, 
(Fig.  409),  has  only  half  the  voluiue  of 
the  hydrogen,  which  is  Ubcratcd  at  the 
other  pole,  and  rises  in  the  tube  A.  The 
^:aae9  are^  therefore,  evolved  exactly  in  the  same  proportion  as  they 
combiue  with  water.  Water,  as  is  well  known,  consists  of  1 
equivalent  of  oxygen,  +  1  equivalent  of  hydrogen.  But  one 
equivalent  of  hydrogen  occupies,  other  things  being  the  same, 
twice  as  large  a  space  as  one  equivalent  of  oxygen.  The  gases 
evolved  from  the  pile  will,  therefore,  when  combined  together, 
again  yield  water. 

Grotthuss  has  given  the  following  explanation  of  this  remarkable 
phenomenon,  which  is  now  generally  admitted  by  natural  philoso- 
phers to  be  correct.  When  hydrogen  gas  is  combined  with  oxvgen 
to  form  water,  the  atoms  of  the  oxygen  become  negatively  electric 
in  the  intimate  connection  established  between  the  smaller  particles, 
while  the  atoms  of  the  hydrogen  arc  positively  electric ;  but 
owing  to  the  uniform  distributiou  of  the  particles  of  both  substances, 
the  combination  does  not,  of  course,  exhibit  any  liberated  electri- 
city. If  now  water  be  placed  between  the  poles  of  a  galvanic 
circuit,  the  +  pole  will  act  in  such  a  manner  upon  the  most 
contiguous  particles  of  water,  that  the  —  constituent  will  be 
attracted,  and  turned  to  the  4-  pole,  whilst  the  repelled  atom 
of  water  of  the  first  molecule  of  water  will  be  turned  away  from 
the  +  pole.  The  water-particle  1,  Pig.  411,  will  act  upon  the 
particle  2,  in  such  a  manner  as  to  turn  its 
elements  to  the  same  side ;  in  a  similar  way  2 
will  act  upon  3,  &c.  It  therefore  follows,  that  all 
the  molecules  of  water  between  the  two  poles,  will 
turn  their  atoms  of  oxygen  to  the  +  pole,  and 
their  atoms  of  hydrogen  to  the  —  pole,  somewhat  as  shown  in 
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Fig,  411,  where  the  circle  represents  particles  of  water,  the  black 
half  the  atom  of  hydrogen,  and  the  white  half  the  atom  of  oxygen. 
If  now  the  attraction  exercised  by  the  +  pole  upon  the  atom  of 
oxygen  of  the  water-particle  1,  be  strong  enough,  it  will  tear  it 
violently  from  the  atom  of  hydrogen ;  this  latter  will  again  combine 
with  the  oxygen  of  the  water-particle  2 ;  the  hydrogen  of  2 
again  with  the  oxygen  of  8,  Swr.  In  this  manner,  a  constant 
decomposition  and  recombination  of  the  water  will  go  on  along  the 
whole  line  between  the  poles,  but  it  ia  only  at  the  poles  that  ita 
eonstitncnts  can  be  liberated. 

A  deconip<}sition  of  water  occurs  in  the  cells  of  the  galvanic 
circuit,  exactly  in  the  same  manner  as  between  the  poles. 

Oxides  are  decomposed  by  the  galvanic  circle  in  the  same 
manner  as  water.  Oxygen  appears  at  the  +  pole,  the  radical  at 
the  —  pole.  The  following  experiment  will  answer  for  metallic 
oxides  that  are  reducible  :  if  we  strew  a  little  dry  pulverised  oxide 
upon  a  platinum  j)latc,  brought  in  connection  with  the  -f  pole  of 
the  pile,  and  touch  the  powder  with  the  —  wire,  we  shall  soon 
aec  small  metallic  globules  appear  at  the  extremities  of  the  wire. 
Oxides  less  easy  of  being  reduced  must  be  somewhat  moistenedj 
especially  if  they  are  bi  a  pulverised  state.  The  water  will 
certainly  also  be  partially  decomposed,  but  this  wiH  only  serve  to 
iiicrcaau  the  capacity  for  conducting  electricity.  Af^er  a  time  we 
shall  see,  when  the  pile  is  strong  enough,  small  metulUc  globules, 
appearing  at  the  —  pole. 

A  new  epoch  in  science  began  with  the  year  1807,  when  Davy, 
by  means  of  a  galvanic  pile,  made  the  discover)'  that  alcaUcs  coidd 
be  decomposed,  which  had,  until  then,  been  regarded  as  simple 
bodies.  Alcalies  and  earths  were  thus  ranged  in  the  class  of 
oxides,  and  chemistry  enriched  by  the  acquisition  of  two  new 
metallic  bodies,  potassium  and  sodium.  A  very  strong  battery  is 
necessary  to  decompose  potash.  If  we  make  the  experiment  in 
the  manner  above  indicated,  we  shall  sec  numerous  globules  of 
metal  appear  at  the  negative  pole,  and  again  vanish,  with  the 
emission  of  sparks.  This  is  potassium,  liberated  in  the  decompo- 
sition of  potash.  Its  affinity  to  oxygen  is,  however,  so  great,  that 
on  being  brought  into  contact  with  the  air,  it  immediately  oxidizes; 
on  being  brought  into  contact  with  water,  it  abstracts  the  oxygen, 
and  inflames  the  hydrogeo  gss^  and  has  tlic  appearance  of  fire. 
PotasHium  muitt,   therefore,  not  be  kept  in    a    ttuid  coutaiuiu^j 
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oxygen.    Petroleum,  or  naptha,  composed  of  carbon  and  hydrogen, 
is  generally  used  for  this  purpose. 

Seebeck  has  proposed  a  means  by  which  the  potassium  evolved  by 
means  of  a  galvanic  pile,  may  l>e  collected  with  more  certainty.  A 
hollow  is  made  in  the  piece  of  caustic  potash  we  wish  to  decom- 
pose, and  mercury  poured  into  it.  The  potash  is  then  laid  upon  a 
piece  of  platinum  in  connection  with  the  +  pole  of  the  pile,  while 
the  —  wire  plunges  into  the  mercury.  The  deeom{}08itioa 
immediately  begins,  the  oxygen  is  liberated  in  the  platinum,  while 
the  potassium,  combining  with  the  mercury  forma  a  tolerably 
consistent  amalgam.  We  may  then  Be[mrate  the  mercury,  by 
distillation  in  an  atmosphere  of  petroleum  vapour,  aud  thus  obtaiu 
the  potassium  in  a  pure  condition. 

Salts  can  also  be  decomposed  by  means  of  the  galvanic  current, 
the  acid  appearing  at  the  + ,  and  the  earth,  or  base,  at  the  —  pole. 
The  decomposition  of  salts  may  be  made  perceptible  in  the  follow- 
ing manner.  We  fill  a  V-formed  curved  tube  (Fig.  412)  with  a 
ri«.  412.  saline  solution,  which  is  coloured  violet  by  tincture  of 
htmus.  If  now  we  plunge  the  +  polar  wire  into  the 
fluid  on  the  one  side,  and  the  —  wire  on  the  other 
side,  the  fluid  will  be  red  at  the  4- ,  and  blue  at  the 
—  pole.  On  changing  the  poles,  the  original  violet 
hue  will  be  only  restored  by  degrees,  red  appearing 
where  the  wire  was  blue  before  the  inversion  of  the 
poles,  and  vice  versd. 
IS  we  pour  a  saline  solution  into  two  contiguous  vessels,  con- 
nected by  a  moist  asbestus  cloth,  or  by  an  A-shaped  syphon,  filled 
with  the  fluid,  and  then  plunge  the  +  polar  wire  into  the  one 
vc«8el,  and  the  —  wire  into  the  other,  the  decomposition  will 
go  on  in  the  same  manner ;  and  after  a  time,  the  acid  n'ill  be  in 
the  vessel  into  which  the  +  wire  has  been  immersed,  and  the 
base  in  the  other.  Even  if  we  pour  the  earthy  solution  into  the 
Tcsscl  A  containing  the  +  polar  wire,  and  the  acid  into  the  other 
B,  the  acid  will,  after  a  time,  be  in  yJ,  and  the  base  iu  B,  This 
experiment  has  been  modified  in  various  ways. 

A  saline  solution  is  not  always  decomposed  into  the  acid  and 
base  by  the  galvanic  current,  there  appearing  in  the  decomposition, 
frequently,  only  one  or  other  of  these  bodies.  A  solution  of 
sulphate  of  copper,  for  instance,  is  so  decomposed  that  the  cupper 
separates  at  the  —  pole,  whilst  the  oxygen  of  the  oxide  of  copper 
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no  longer  remains  in  its  former  combination  on  the  other  side. 
This  decomposition  of  sxUphatc  of  copper  is  beautifully  exhibited 
in  the  constant  circuit  of  Becquerel  and  Daniel,  already  described. 
When  the  ciroiit  is  closed,  the  -f  current  passes  from  the  zinc 
through  the  dilute  sulphuric  acid,  then  through  the  solution 
of  sulphate  of  copper  to  the  copper.  If  the  zinc  become  +  electric 
in  contact  with  the  copper,  and  the  latter  — ,  the  zinc  is,  of  coxirsc, 
the  -f ,  and  the  copper  the  —  pole,  the  +  current  passes,  there- 
fore, through  the  zinc,  and  the  —  current  through  the  copper  into 
ihc  Huid.  On  the  one  side  of  the  partition  water  is  decomposed, 
the  oxygen  passes  over  to  the  zinc,  forming  oxide  of  zinc,  which, 
dissolving  in  the  acid,  forms  sulphate  of  zinc.  The  hydrogen  gas 
goes  to  the  partition,  where  it  forms,  as  it  were,  the  +  pole  for 
the  current  passing  into  the  other  fluid.  The  oxide  of  copper  is 
decomposed  by  this  current,  the  oxygen  of  the  oxide  passes  to 
the  +  pole,  consequently,  to  the  wall  of  partition,  where  it 
combines  with  the  liberated  hydrogen  to  form  water,  whilst  the 
copper  at  the  —  pole,  that  is,  at  the  copper  plate,  is  separated  in 
the  metallic  form. 

A  highly  interesting  application  has  been  made  of  this  metallic 
precipitate  of  copper,  and  is  known  under  the  name  of  galvano- 
plastics  (electrotj'pe) ;  it  is  only  necessary  to  give  a  definite  form 
to  the  —  elements  of  a  combination  of  this  kind,  to  obtain 
impressions  of  this  form  in  metallic  cop]>er. 

It  is  necessary  to  modify  somewhat  the  form  of  the  Beeqiteret  cir- 
cuit before  applying  it  for  this  piu^se.  The  apparatus  represented 
in  Fig.  413,  is  especially  well  adapted  for  the  multiplication  of 
no.  413.  coins,   medals,   &c.    a  A   is  a    glass 

vessel  open  at  the  top,  about  6-8 
inches  in  diameter.  Within  this  hangs 
a  second  narrower  glaM  ressol  e  d 
likewise  opening  at  the  top,  but  closed 
at  the  bottom  by  having  a  bladder 
tied  to  it.  Somewhat  above  the 
middle,  a  wire  is  tightly  bound  round 
the  inner  vessel,  which  it  lifts  up  in 
such  a  manner,  that  the  bladder  is 
raised  tVuni  1,3  to  2  inchea  above  the  bottom,  the  wire  branching 
out  in  three  arms,  which  arc  attached  to  the  rim  of  the  outer 
vessel.  The  inner  vessel  is  filled  with  a  very  dilute  Bulpbuiie 
acid,  while  the  space  intervening  between  the  inner  and  outer 
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cylinder  ia  filled  with  a  solution  of  auljihatc  of  copper.  Two  p*«« 
of  wood  laid  crow-ways  support  in  the  sulphuric  acid  a  sine  block, 
to  which  a  copper  wire  is  soldered,  connecting  the  sine  block  with 
the  mercury-eup  g.  A  second  copper  wire  passes  from  this  cup 
to  the  form  lying  in  the  solution  of  sulplkate  of  copper,  which,  of 
ooarse,  must  be  made  of  a  substance  more  electro-negative  than 
cine. 

Sach  a  form  may  be  procured  by  taking  an  impressi<m  of  a  coin 
with  Rosens  fusible  metal,  and  still  more  easily  by  means  of  wax  or 
stearine.  These  two  substances  must  be  fused  together  with 
finely  pulverised  graphite,  and  the  liquid  then  poured  on  the 
mctalf  which  must  be  protected  by  a  rim  of  paper,  when  a  very 
beautiful  form  is  obtained. 

This  matrix,  however,  is  not  a  conductor,  and  only  becomes  ao 
by  covering  the  surface,  which  is  to  receive  the  copper  with  a  thin 
deUcate  layer  of  fine  copper  bronze.  This  coating,  which  may  be 
laid  on  with  a  fine  brush,  does  not  in  any  way  take  from  the 
purity  and  sharpness  of  the  outlines.  The  matrix  must  be 
plunged  into  the  solution  with  its  conducting  sur^sce  turned 
upward.  The  copper  wire  requires  only  to  be  in  contact  with  the 
fine  graphite  layer. 

The  portion  of  the  copper  wire  plunged  in  the  solution  of 
solplmtc  of  copper  must  be  covered  with  shell-lac,  or  sealing-wvx, 
to  prevent  metallic  copper  from  being  deposited  upon  thia  wire, 
which  deposition  must  be  prevented  except  where  it  is  attached 
to  the  matrix. 

The  current  circulating  through  the  apparatus  is  very  weak  ;  the 
copper  deposits  itself  slowly  upon  the  copper  surface,  and  subsequently 
upon  the  copper  wire;  it  is,  therefore,  necessary  from  time  to  time 
to  place  the  wire  at  a  different  part  of  the  mould.  The  layer  of 
copper  will  be  thick  enough,  and  may  be  removed  in  one  or  more 
days  according  to  the  strength  of  the  current.  The  copper  deposit 
is  most  regular  with  a  weak  curreut,  on  which  account  the  fluid 
in  which  the  xine  block  is  plunged  should  be  only  slightly  acid. 

The  solution  of  sulphate  of  cop|x,T  bocomca  lighter  in  colour  in 
proportion  to  the  copper  deposited  from  it.  It  is  necessary  occa- 
sionally to  renew  the  solution  as  it  becomes  exhausted. 

It  is  often  better  to  place  the  solution  of  sulphate  of  copper 
with  the  mould  in  the  inner  vessel^  and  the  acid  with  the  nnc 
block  in  the  outer  vessel. 

Many  important  applications  of  galvano-plastics  have  been  made 
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within  the  last  ftrw  years ;  by  thia  means  uuprcstfioiiB  of  woodcutn 
have  been  takeu,  which  retain  all  the  purity  nnd  sharjnieiu  of  the 
original  outlines,  and  thus,  as  many  fac-similes  as  we  like  may  be 
taken  of  the  ori^iuul,  without  any  difference  being  perceptible 
between  the  first  and  last  impressions.  The  woodcuts  of  the 
original  German  edition  of  this  work,  from  which  those  in  our 
present  translation  arc  copied,  were  impressed  by  copper  type 
of  this  description.  A  graved  copper  plate  will  not  bear  many 
impressions  being  taken  of  it,  without  manifesting  a  decided 
deterioration  in  the  later  impressions.  Hence,  the  value  of  the 
proof-impression,  and  hence,  the  reason  that  steel  engraving  is  so 
much  valued,  for  a  steel  plate  will  bear  a  much  larger  number  of 
impreasions  being  taken  of  it.  Steel,  however,  offers  decided  dis- 
advantages with  reference  to  art,  for  owing  to  the  hardness  of  its 
texture  it  oppoaea  great  difficulties  to  the  artist,  who  cannot 
possibly  complete  as  perfect  a  work  on  steel  as  on  copper.  Now, 
however,  a  means  has  been  devised  of  multiplying  copper  plates, 
even  when  of  a  large  siec,  by  the  galvano-plastic  process,  so  that  the 
impressions  of  the  copies,  of  which  we  may  have  an  unhmitcd 
number,  are  quite  equal  to  the  original  plates. 

Ktibell  of  Munich  has  proposed  a  method  by  which  pictnnis 
drawn  in  bistre  or  Indian  ink  may  be  multiphed  by  galvano 
plastically.  A  copper  plate  silvered  over,  ia  used  for  painting  on, 
and  the  colour  pre]>ared  for  the  purpose,  is  an  ochre  or  eoke 
rubbed  up  in  a  solution  of  wax  and  oil  of  turpentine,  adding  a 
httlc  Pammara  varnish.  This  colour  is  laid  on  the  plate  in  such  a 
way,  that  the  brightest  lights  remain  free,  the  paint  laid  on 
thicker  in  proportion  to  the  depth  of  shadow  required.  iVs  soon 
as  the  picture  is  finished,  a  wash  of  finely  pulverised  graphite  is 
laid  on  with  a  tine  brush,  and  the  plate  is  put  into  the  gal^nno- 
plastic  apparatus.  By  degrees  the  copper  is  precipitated  upon  the 
painted  plate,  forming  a  second  copper  plate  on  which  all  the 
lights  appear  smooth,  and  the  shadows  are  deeply  imprt*sacd  ;  this 
plate  will  now  yield,  if  treated  like  a  graved  copper  plate,  impres- 
sions similar  to  an  Indian  ink  drawing.  Thayer ,  of  Vienna,  haa 
brought  this  method  to  great  perfection,  and  there  is  reason  to 
expect  that  it  will  prove  of  still  greater  practical  importance  to 
art. 

In  the  same  manner  as  copper  is  precipitated  at  the  negative 
pole  of  the  circuit,  by  a  galvanic  process  from  a  solution  of 
sulphate  of  copper,  other  metals,  as  gold,  silver,  platinum,  &c., 
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are  deposited  at  the  negative  pole  from  suitable  solutions,  and  we 
may  thus  gild  and  silver  other  metals,  &e.  It  would  lead  na 
beyond  our  proper  limits  were  we  to  enlarge  further  upon  thia 
subject. 

An  interesting  illustration  of  metallic  precipitations  is  presented 
by  the  Nobili'a  coloured  rings.  If  we  pour  a  few  drops  of  a  solu- 
tion of  acetate  of  lead  upon  a  silver  plate,  and  then  touch  the 
silver  in  the  middle  of  the  tluid  with  a  small  piece  of  zinc,  several 
concentric  coloured  rings  will  be  formed  around  the  places  of 
contact.  These  rings  appear  still  more  beautiful  on  putting  the 
fluid  between  the  poles  of  a  pile  composed  of  many  plates,  flatten- 
ing the  one  pole,  and  pointing  the  other,  and  then  turning  the 
latter  in  such  b  manner  to  the  former,  that  the  electric  current 
passes  through  the  fluid  from  the  flattened  to  the  pointed  pole,  or 
vice  versd.  Nobili  obtained  similar  phenomena  of  colours  with 
other  fluids. 

Chlorides,  iodides,  and  bromides  of  metals  are  simply  decom- 
posed by  the  electric  current,  the  metal  being  deposited  at  the 
negative,  and  the  chlorine,  iodine,  and  bromine,  at  the  positive  pole. 
The  weakest  current  is  capable  of  decomposing  iodide  of  potas- 
sium. 

On  exposing  aqueous  solutions  to  the  action  of  the  electric 
current,  the  resnlt  of  the  decom^wsition  will  often  be  modified  by 
the  presence  of  the  water.  To  avoid  this,  Faraday  has  reduced 
many  bodies  to  a  fluid  state  by  fusion,  and  thus  exposed  them  to 
the  action  of  the  current.  He  thus  decomposed  chloride  of  lead, 
chloride  of  silver,  &c,,  laying  them  upon  a  glass  plate  and  fusing 
them  over  a  spirit  lamp,  and  then  inmiersiug  both  polar  wires  into 
the  fluid  mass.  If  polar  wires  of  silver  were  })lunged  in  fluid 
chloride  of  silver,  the  silver  would  be  deposited  at  the  —  pole, 
which  had  attached  itself  to  the  wire,  whilst  the  other  silver  wire 
would  be  dissolved  by  the  Hberated  chlorine. 

We  have  hitherto  oi  Jy  spoken  of  decompositions  produced  by  the 
galvanic  ciurent,  but  this  current  also  favours  to  chemical  combina- 
tions. If  we  bring  any  easily  oxidisable  metal,  as  zinc,  for  instance, 
near  the  +  polar  wire,  the  metal  will  very  easily  combine  with  the 
oxygen  separated  from  the  water,  zinc  only  dissolves  slowly  in 
diluted  sulphuric  acid,  if  it  be  quite  chemically  pure ;  on  touching 
it  with  a  piece  of  silver,  a  marked  development  of  gas  instantly 
begins  to  take  place  at  the  silver,  while  the  zinc  combines  with 
the  oxygen  to  form  oxide  which  is  dissolved  by  the  acid. 
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If  the  polar  win*B  <»f  a  galvanic  battery  be  made  of  unc,  and 
then  inimcrsed  in  acidulated  water,  the  decompositiou  of  the  vratcr 
will  go  on  preciiwly  m  if  platinum  or  copper  wires  were  used.  The 
hydrogen  gas  will  be  separated  at  the  wire  of  the  negative  pole, 
which  will  not  be  affected  by  the  acid,  as  would  otherwise  be  the 
caac  if  it  were  not  made  negatively  electric  by  its  connection  with 
the  pile,  and  thus  protected  from  oxidation ;  the  wire  of  the  pola- 
tiQG  pole,  on  the  contrary,  will  be  bo  much  the  more  rapidly  acted 
upon. 

A  metal  afleeted  by  an  acid  or  anv  other  fluid  can  be  protected 
from  oxidation  by  being  brought  into  connection  with  a  metal 
positively  electrified,  so  as  to  form  the  — -  pole  of  a  simple  circuit. 

Wliilst  the  current  arising  from  the  contact  of  two  metals 
plunged  in  the  same  fluid  increases  the  affinity  of  one  of  these 
for  one  element  of  the  fluid,  the  power  of  the  other  metal  to  un- 
dergo the  same  changes  is  proportionally  diminished.  Thua,  when 
a  zinc  and  a  copper  plate  come  into  contact  in  a  dUute  acid, 
the  zuic  will  oxidize  more  rapidly,  and  the  copper  leas  than  would 
otherwise  be  the  Ciisc.  Davy*$  experiments  on  the  preservation 
of  the  coppering  of  ships  affords  a  beautiful  illustration  of  this 
principle.  A  copper  plate  when  immersed  in  scA-watcr  is  ex|xi»cd 
to  a  rapid  oxidation  ;  but  if  the  copper  be  brought  into  contact  with 
iiuc  or  iron,  these  metals  will  be  dissolved,  and  the  copper  thus 
protected.  Davy  has  ascertained  that  a  piece  of  zinc  of  the  size 
of  the  head  of  a  small  nail  is  sufficient  to  protect  40  to  50  square 
inches  of  copper. 

It  has  unfortunately  been  shown,  however,  that  this  excellent 
mode  of  preserving  copper  cannot  be  practically  made  use  of,  as 
copper  must  be  acted  u]>on  to  a  certain  extent,  in  order  to  save  it 
from  being  injured  by  the  adhesion  of  sea-weed  and  marine 
animals. 

The  same  principle  has  been  applied  by  von  Alihaus  to  prevent 
the  rusting  of  the  iron  pans  used  in  evaporating  brine.  Here, 
however,  the  protecting  sine  could  not  be  applied  to  the  {uins 
themselves,  as  the  sulphate  of  zinc  would  distribute  itself  through 
the  brine,  he  therefore  separated  the  corners  of  the  pans  by  a 
board,  and  fdlcd  these  spaces  with  zinc,  whose  bottoms  were  formed 
with  iron  plates.  Thus  the  zinc  is  in  metallic  conuoctiou  with 
the  iron,  and  the  fluid  passes  in  sufficient  quantity  through  the 
wood  to  the  zinc  to  complete  tbe  circuit,  while  the  sulphate  of 
sine  engendered  cannot  destroy  the  purity  of  the  solution  of  salt. 
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By  this  nieanSj  evaporation  was  effected  nt  n  lower  temperature, 
and  a  con^iderablr  saving  made  in  the  expenditure  of  fuel. 

The  electro-chemical  theory. — The  hitherto  described  phenomena 
exhibit  remarkable  relations  between  chemical  and  electrical  forces. 
It  had  already  been  vag:uely  conjectured,  that  electrical  forcea 
were  concerned  in  chemical  phenomena ;  this  view  was,  how- 
ever, only  confirmed  when  the  decomposition  of  water  was  effected 
by  the  voltaic  battt'rj' ;  that  ia  to  say,  it  was  reserved  for  Dauy  and 
Herzcfius  to  develop  these  views  j  imd  they  established  tlie  electro- 
chemical theory,  according  to  which,  we  must  seek  for  the  funda- 
mental cause  of  chemical  combinations  in  electric  attraction. 
Although  it  mny  not  lie  fully  proved,  that  chemical  affinity  and 
electncjil  attraction  arc  perfectly  identical,  it  must  he  confessed, 
that  this  theory  combines  many  facts  into  one  connecting  bond  in  a 
manner  that  cannot  be  refuted  by  e!q>erience. 

As  zinc  and  copper,  when  brought  into  contact  with  each  other 
become  oppositely  electric,  so  also  according  to  the  electro- 
chemical theory,  the  atoms  of  every  two  elements  become  oppo- 
sitely electric  when  brought  into  contact  with  each  othei'j  in  short, 
all  elemcuta  arc,  according  to  the  signification  already  given  at 
page  363,  members  of  the  scries  of  tension.  The  extremes  of  this 
perfectly  complete  series  are  oxygen  and  potassium,  the  former 
being  the  — ,  and  the  latter  the  +  extremity.  The  following  is 
the  complete  scries  of  tension. 


Oxygen 

Sulphur 

Selenium 

Tellurium 

Nitrogen 

Chlorine 

Chromium 

Molybdanum 

Borax 

Vanadium 

Tungsten 

Antimony 

Tan  tali  um 

Titanium 

Sihcium 

Osmium 


Bromine 

lodiue 

Flnorine 

Phosphorus 

Arsenic 

Carbon 

Cerium 

Lanthenium 

Yttrium 

Cobalt 

Nickel 

Iron 

Cadmium 

Zinc 

Hydrogen 

Manganese 
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Gold  ZircoDium 

Iridiuin  Alumiuum 

Rhodium  Tfaorinc 

Platinuui  Beryllium 

Palladium  Magnesium 

Mercury  Calcium 

Silver  Strontium 

Copper  Bariuni 

Uranium  Lithium 

Biamuth  Sodium 

Lead  Potassium. 

+ 
This  scries  contains  all  the  simple  sabstanccs,  and  to  cacti  its 
place  is  aasi^ed,  althou|;j;h  there  is  still  much  uncertainty  in  tbia 
respect,  and  the  position  of  most  bodies  in  the  series  of  tension 
is  only  approximatively,  but  not  accurately  determined.  This 
position  has  only  been  ascertained  by  direct  experiment  for  a 
very  few  bodies ;  the  place  of  the  majority  baving  been  conjectured 
from  their  chemical  relation. 

According  to  the  electro-chemical  theory,  the  atoms  of  the 
elements  are  not  electrical  in  themselves,  but  become  so  on  being 
brought  into  contact  with  others^  whence  it  happens  that  the  same 
body  may  at  one  time  be  + ,  and  at  another  —  electric.  Thus,  for 
instance,  sulphur  in  combination  with  oxygen  is  the  electro-positive, 
and  in  conjunction  with  hydrogen  the  electro* negative  clement. 

We  have  seen  that  two  heterogeneous  metal  plates  brought  into 
contact  with  each  other  become  oppositely  electric;  but,  that  the 
greatest  part  of  the  electricity  developed  remains  combined  on 
the  auriace  of  contact;  the  same  is  the  case  with  chemical  combi- 
nations. If,  for  instance,  a  particle  of  oxygen  and  one  of  hydrogen 
come  into  contact,  the  former  will  become  — ,  and  the  latter  + 
electric,  both  electricities  will  attract  each  other,  and  combine  almost 
])erfectly,  owing  to  their  close  approximation.  If,  however,  there 
is  a  little  free  +  electricity  on  the  one  particle,  and  —  electricity 
on  the  other,  the  chemical  combination  cannot  give  any  evidence 
of  free  electricity,  owing  to  the  +  and  —  particles  being  uni- 
formly distributed;  thus,  wherever  we  lay  our  hands  on  the  body 
an  equal  number  of  +  and  —  electric  particles  will  be  touched. 

In  the  first  place,  the  simple  substances  combine  to  form  binary 
compounds.  The  compound  bodies,  as  the  oxygen,  sidphur,  and 
chlorine  oombinations^  exhibit  among  tbeuiselvcs  a  relation  similar 
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to  that  of  simple  Bubstanccs  j  thcao  hinar)'  combinations  of  the 
simple  elements,  oxideSj  siilphurcts,  and  chlorides,  &c.,  which 
arc  characterised  by  negatively  electric  properties,  and  at  the 
same  time  capable  of  entering  into  combinations  of  a  higher 
order,  are  termed  acids ;  whiJe  those  constituting  the  part  of  tbe 
poi^ltivciy  electric  constituents  are  called  satinble  bates. 

Tlie  character  of  an  acid  is  generally  so  much  the  more  stron 
expressed  in  proportion  to  the  contiguity  of  its  elements  to  the 
negative  end  of  the  scale  of  tension,  hence  sulphuric  acid  is  the 
strongest  of  all  acids.  Oxygen  forms  acids  in  connection  with 
the  bodies  standing  at  the  head  of  the  above  seriea^  and  bases 
with  the  elements  at  the  positive  end;  thus  potassium  is  the 
strongest  of  all  bases. 

When  the  same  body  combines  in  several  diifcrent  proportionR 
with  oxygen,  the  combination  will  be  so  much  the  more  negatively 
electric,  because  it  will  assume  more  of  the  acidj  and  less  of  the 
properties  of  a  base,  in  proportion  as  the  electro-negative  clement, 
the  oxygen,  predominates.  Tims,  1  equivalent  of  manganew 
combined  with  1  equivalent  of  oxygen  forms  oxide  of  m8ng;&ne8e, 
which  possesses  the  properties  of  a  base,  whilst  1  equivalent  (^ 
manganese  +  3  equivalents  oxygen  form  manganic  acid. 

Tlie   electro-chemical   theory    docs    not    in   its   present   U 
embrace    an   explanation   of  all   chemical   phenomena ;    hut    the 
classification  of  bodies  founded  upon  it  agrees  sufficiently  with  their 
relations,  so  as  to  give  a  clear  insight  into  chemical  laws. 

Tke  eUctrolytie  law, — No  electric  current,  or  comparatively 
only  a  very  weak  one  can  pass  through  a  fluid  without  its  passage 
being  attended  by  chemical  decomposition.  Such  a  decomposi- 
tion as  this  occurs  in  every  cell  of  every  galvanic  apparatus,  as 
long  as  the  circuit  remains  complete,  and  Faradatf  has  shown  that 
the  quantity  of  the  electric  current  is  proportional  to  tbe  decom- 
position taking  place  in  each  individual  cell. 

It  cannot  be  denied  that  an  intimate  relation  exists  between 
passage  of  the  electric  current  through  fluids  and  their  decomposi- 
tion, and  it  may  even  be  asserted,  that  tbe  passage  of  the  electricity 
is  effected  by  chemical  decomposition.  The  positive  current 
passes  in  every  cell  from  the  zinc  through  the  fluid  to  the  copper, 
but  the  particles  of  the  hydrogen  pass  in  the  same  direction;  Uiey 
are  the  conductors  of  the  +  electricity,  which  is  conveyed  by 
them  to  the  copper  plate.  Indeed,  we  have  seen,  that  in  accord- 
ance  with    the    principles    of  tbe   electro-chemical    theory,    the 
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clementfl  arc  held  iirnily  together  in  eacli  atom  of  water  because 
oxygen  and  hydrogen  brought  into  contact  become  opiwsilcly 
electric,  and  because  these  opposite  electricities  of  the  cleineuls 
of  water  mutually  combine  with  each  other.  \^Tieu  n  particle  of 
hydrogen  is  separated  fjpom  its  oxygen,  all  its  contbiucd  electricity 
will  be  liberated;  it  will  be,  however,  iniinediately  recombincd  when 
the  hydrogen,  on  the  other  hand,  combines  with  another  particle  of 
oxygen,  aud  thus  each  atom  of  hydrogen  will  carry  ofl"  ita  combined 
+  electricity,  whilst  at  the  tnune  time  its  positive  electricity  will 
be  liberated  at  the  —  pole  with  the  hydrogen. 

WliiUt  the  ordinary  zinc  uf  commerce  is  rapidly  dissolved  when 
plunged  into  dilute  sulphuric  ueid,  chemically  pure  zinc  or  amalga- 
mated Kinc  will  remain  unaffected  in  the  same  lluid.  If  we  construct 
a  galvanic  circuit  with  chemically  pure,  or  AmulgHmated  zinc  plates, 
no  decompositiou  can  po!«sibly  (xrcur  in  such  a  circuit  while  opeu. 
But  the  moment  it  is  closed,  a  decomposition  of  water  begins  in 
every  ccU;  there  is,  however,  no  more  water  decomposed  nor 
sine  dissolved  than  is  necessary  to  conduct  the  circulating  current  j 
the  quantity  of  the  dissolvcxl  zinc  umst  therefore  stand  iu  a  definite 
relation  to  this  current.  Faraday  made  use  of  the  current  of  such 
a  circuit  for  the  decomposition  of  water,  and  ascertained  definitively 
the  amount  of  explosive  gas  evolved  in  a  given  time.  It  was  thus 
fonnd  that,  for  each  equal  portion  of  hydrogen  gas  liberated 
between  the  polar  wires,  or  rather  the  platen  of  the  poles  32,3 
equal  portions  of  zinc  were  dissolved  iu  each  cell.  But  now  the 
weights  of  the  chemical  equivalents  of  hydrogen  and  zinc  are  to 
each  other  as  12,48  to  403,23,  or  as  1  to  32,3.  For  every 
t^|uivaleut  of  hydrogen,  therefore,  evolved  in  the  decomposing 
cells  1  equivalent  of  zinc  must  be  dissolved  in  each  cell  of  the 
circuit. 

If  the  same  current  be  conducted  through  4  dccoropoaing  cells, 
of  which  the  first  contains  water,  the  secund  chloride  of  silver,  the 
third  chloride  of  lead,  the  fourth  chloride  of  tin,  nil  iu  a  Huid 
condition,  the  quantities  of  hydrogen  gas,  silver,  lead,  aud  tin, 
which  are  precipitated  at  the  four  —  poles  are  to  each  other, 
as  1:  108:  103.6:  57,9,  whilst  at  the  +  poles  oxygen  and 
chlorine  are  separated  in  the  proportions  of  8 :  35,4.  Similar 
facts  have  been  demonstrated  for  many  other  ccmiposite  bodies. 

It  follows  from  these  facts,  that  the  chemical  equivalents 
represent  those  relative  weights  of  the  subittanceii  which  assume 
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an  cqnally  strong  electric  polarity  in  connection  with  one  and  tlie 
same  element. 

Theory  of  constant  circuits. — The  common  voltaic  circuit  in 
whicli  only  one  tluid  is  used,  gives,  as  we  have  already  seen,  an 
uncommonly  strong  current  at  the  first  moment ;  this,  however, 
soon  abates  in  intensity,  whilst  in  the  Becfjverel  circuits,  Daniels*, 
Grovet',  Bnnsen's  apparatOR,  the  current  continues  with  unabated 
force.  Now  that  we  have  Icamt  to  understand  the  chemical 
phenomena  in  the  circuit,  we  may  be  able  to  explain  why  the 
current  remains  constant  in  the  one  kind  of  apparatus,  and  loses 
rapidly  its  intensity  in  the  other. 

A  zinc  and  a  copper  plate  united  by  a  copper  wire  at  the  top, 
arc  plunged  into  a  vessel  (Fig.  414')  filled  with  a  solution  of 
sulphate  of  sine.  At  first  a  tolerably 
strong  cuiTcnt  will  be  engendered,  which, 
however,  will  soon  abate,  and  Hnally  entirely 
cease.  The  reason  of  this  cessation  will 
be  soon  understood  on  considering  the 
process  of  the  decomposition;  the  oxide 
of  zinc  of  the  solution  is  soon  decomposed^ 
the  oxygen  attaches  itself  to  the  line 
plate  in  order  to  form  a  new  oxide,  whilst 
on  the  other  side  metallic  zinc  is  precipi* 
tatcd  on  the  copper  plate  ;  after  a  time  the  copper  plate  becomes 
wholly  covered  over  with  tine,  when  the  current  of  coarse 
ceases.  The  copper  is  now  no  longer  in  connection  with  the  fluid, 
but  there  is  sine  on  both  sides  of  the  copper,  and  of  the  tiaid ; 
the  copper  becomes  negatively  excited  where  it  is  soldered  to  tho 
zinc  plate,  but  this  excitement  does  not  occasion  any  current,  since 
the  newly  formed  zinc  coating  gives  rise  to  a  totally  opposite  one. 

If  we  take  dilute  sulphuric  acid  instead  of  the  solution  of  ojddeof 
sine,  the  water  of  the  fluid  between  the  zinc  and  copper  plate  will  be 
decomposed  ;  in  the  place  of  the  zinc  which  is  precipitated  on  the 
copper  plate,  as  in  the  former  case,  the  hydrogen  will  now  be  libe-< 
rated,  the  copper  plate  will  be  covered  with  a  coating  of  hydrogen, 
which  will  nut,  however,  come  into  such  intimate  connection  with  the 
copper  as  in  the  former  case,  and  cannot,  therefore,  so  completely 
prevent  the  fluid  from  coming  into  contact  with  the  copper  plate  as 
in  the  other.  A  total  cessation  of  the  current  is,  therefore,  not 
possible  here ;  but  the  separation  of  hydrogen  (which,  according 
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to  Buff^g  experiments  on  the  scale  of  tension,  stondit  below  Kinc), 
occasions  a  diminution  of  the  intensity  of  the  oorrent  in  the  eamc 
way  88  in  the  other  case  the  dcpoBition  of  sine  had  done. 

If  the  reason  of  the  diminution  of  the  current  in  ordinary 
circuits  be  rightly  understood,  it  will  be  easy  to  find  a  method 
of  avoiding  this  occurrence ;  it  being  only  necessary  to  <levi»c 
some  arrangement  by  which  the  separation  of  hydrogc]i  on  the 
copper  and  platinum  ]>late«  may  be  prevented,  so  that  these  plates 
may  always  remain  in  contact  with  the  tluid  in  the  same  manner. 

hi  BecquereVs  and  DanieCs  circuit,  metallic  copper  is  deposited 
on  the  cojjpcr  plates  instead  of  hydrogen,  and  thus  a  pure  copper 
surface  is  always  left  in  contact  with  the  fluid.  In  Grove's  battery, 
the  platinum  is  surrounded  by  a  layer  of  nitric  acid,  which  likewise 
circulates  round  the  charcoal  in  Bunsen's  apparatus ;  this  acid 
pmcnts  the  separation  of  the  hydrogen  on  the  platinum  or  the 
charcoal,  for,  at  the  moment  of  their  origin,  the  deposited  particles 
of  hydrogen  are  again  oxidised,  and  nitrous  acid  formed. 

This  seems  to  be  the  most  suitable  place  to  say  a  few  words 
(!oncerning  the  various  theories  that  have  been  advanced  in  cxplana* 
tiuu  of  the  electrical  phenomena  of  galvanic  batteries,  as  they  have 
formed  the  subject  of  the  most  animated  discussions  between 
ditftrent  scientiHc  men. 

The  oldest  of  these  is  the  theory  of  contact,  established  by  VoltOy 
according  to  which,  the  contact  of  different  metaJs  is  the  only 
source  of  the  electricity  of  tlic  pile.  Voita  had  devoted  ua|]ecia] 
attention  to  the  study  of  the  actions  of  tension  in  batteries,  and 
these  are  explained  more  satisfactorily  according  to  his  theory  than 
that  of  any  other,  lie  di>ubtlesflly  disregarded  chemical  phenomena 
from  being  wholly  ignorant  of,  or  but  shghtly  acquainted  with 
them,  and  hence  it  arisi's  that  he  did  not  devote  auJficient  attention 
to  the  part  played  by  the  iluids  in  the  circnit,  considering  them 
merely  as  conductors,  and  not  as  electromotors. 

When  the  chemical  actions  of  the  battery  were  better  known 
and  more  accurately  observed,  the  voltaic  theory  of  contact  was 
not  satisfactory,  and  it  became  necessary  either  to  corroborate 
and  enlarge  upon  it,  in  order  to  admit  of  its  embracing  the 
newly  discovered  facts,  or  to  set  it  wholly  aside,  and  to  form  an 
entirely  new  hypothesis.  Both  methods  have  been  adopted,  and 
that  by  distinguished  natural  phdosophcrs. 

The  opponents  of  the  theory  of  contact,  among  whom  Faratiay 
Diuat    be  specially  noticed,  consider  the  chemical  action  exerted 
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by  the  fluid  upon  the  metal  as  the  source  of  the  electric  current ' 
the  circuit. 

Faraday  was  likewise  induced  by  his  theoretical  views  to  intro- 
duce a  new  nomenclature,  calling  the  poles  "  Electrodes/*  or  the 
conrses  pursued  by  the  electric  current  in  entering  the  decom- 
posing fluid,  the  positive  pole  "  Anode,"  and  the  negative  pole 
"Cathode."  Ilie  constituents  of  the  electrolyte  (the  dcconipoaed 
body)  are  according  to  his  nomenclature  Ions,  the  Cathion  being 
the  clement  separated  at  the  cathode,  and  the  Anion  that  which  is 
found  at  the  anode. 

It  will  not  surprise  us  that  so  much  misconception  and  diffe- 
rence of  opinion  should  exist  with  respect  to  the  source  of  the 
electricity  in  the  circuit,  when  we  consider  how  little  is  known  to 
us  of  the  actual  nature  of  electricity.  What  do  we  know  concern- 
ing the  generation  of  electricity  by  friction  l>eyond  the  simple 
fact  ?  The  reason  of  the  difference  of  opinion  that  existed  regard- 
ing galvanism,  evidcn  tly  arose  from  Voltt^s  disregard  of  the 
influence  exercised  by  chemistry.  ITiis  deficiency,  or  rather  the 
jjartiality  of  this  Wew  could  not  long  escape  obsenation;  but 
while  many  learned  men  were  striving  to  point  out  the  importance 
of  this  iiitiuence,  they  fell  into  the  opposite  extreme  of  ascribing 
e\'cry  effect  to  chemistrj",  and  neglected  those  wcU  proved  facts 
which  constituted  the  basis  of  the  theory  of  contact,  some  even 
suffered  themselves  to  be  so  far  led  astray  as  to  question  the 
correctness  of  Volleys  fundamental  experiments,  or  explained  thciu 
by  the  hypothesis  that  the  precious  metals  underwent  oxidation. 

The  adherents  of  both  theories  were  moat  zealously  active  in 
advancing  proofs  of  the  correctness  of  their  own  opinions,  and  to 
these  efforts  we  are  principally  indebted  for  the  ad\'ance  that  has 
been  made  iu  the  science  of  galvanism,  Fechner,  above  all, 
deserves  praise  for  having  eslublished  bej'ond  doubt  the  correctness 
of  Volta^s  fundamental  exiwriments,  and  thus  justified  the  views 
concerning  the  excitement  of  electricity  iu  various  metals. 
Faraday^  on  his  side,  has  shown  that  galvanic  currents  may 
be  produced  without  the  conUtt  of  heterogeneous  mctak,  that 
the  chemical  deconipoeition  of  the  fluid  of  the  pile  is  propor- 
tional to  the  quantity  of  the  electrical  current,  and  that,  conse- 
quently, this  decomposition  stands  in  the  closest  connection  with 
the  formation  of  the  current  iu  the  hydro-electric  circuit. 

As  a  theory  of  galvanism  should,  if  ]>os8ible,  cnibracc  all  the 
phenomena  of  the  circuit,  we  can  scarcely  look  for  truth  iu  the 
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extreme  views  of  either  party.  It  Bccms,  thorefort'j  most  smtable 
to  the  present  stage  of  science  to  adopt  some  modified  theory  of 
coutact  as  given  abovC|  since  by  tliis  means  wc  Bhall  be  best  able  to 
consider  from  one  common  point  of  view  the  different  phenomena 
exhibited  iu  the  circuit. 

Magnetic  actions  of  the  galvanic  current. — It  had  long  been 
known,  that  under  certain  circumBtancea  |>owerfu]  eh'Ctnc  chnrpes 
coidd  affect  the  magnetic  needle;  it  had,  for  instance,  bt«n 
observed  that  the  needle  of  the  compaas  lost  the  property  of 
directing  the  course  of  the  ship,  if  the  latter  had  l)een  «truck  by 
lightning;  many  natural  philosophers  attempted  to  produce 
similar  phenomena  by  the  discharge  of  Leyden  jars,  and,  indeed, 
some  succeeded  in  altering  the  magnetic  condition  of  very  small 
needles,  either  by  suffering  the  spark  to  pass  very  near  the  needle, 
or  the  whole  force  of  the  discharge  pass  immediately  through  it. 
But  all  these  cxporimcnts  yielded  no  regular  results,  and  people 
remained  satisfied  with  the  view  that  the  electric  shock  acted  upon 
the  magnetic  needle  as  the  stroke  of  a  hammer.  Subsequent 
experiments  were  made  in  galvanic  electricity  which  yielded  no 
better  fruit ;  finally,  in  the  year  1820,  Oersted,  Professor  at  the 
University  of  Copenhagen,  discovered  a  means  of  causing  elec- 
tricity to  act  certainly  and  constantly  upon  a  magnet.  lie  thna 
opened  to  the  scientific  meu  of  all  countries  a  new  and  exten<led 
field  of  investigation,  and  never  before,  perhaps,  had  science  been 
enriched  in  a  short  time  with  the  acquisition  of  so  many  new 
trutha. 

Electricity  must  be  in  motion  to  act  upon  magnetism  when  at 
rest,  and  in  a  state  of  great  tension  it  docs  not  affect  the  magnet, 
as  does  a  continuous  electric  current. 

In  fart,  on  bringing  a  freely  Kusprndcd  magnetic  needle  to  the 
terminating  wire  of  a  pile  while  the  electric  curri'Ut  is  passing,  the 
needle  will  deviate.  This  was  the  first  experiment  made  by 
Oersted,  and  it  is  singular  that  a  similar  obsenatinn  had  not  long 
unco  been  accidentally  made  in  the  many  experiments  tried  with 
the  pile. 

The  principal  experiment  on  the  action  of  the  galvanic  eurrent 
U|)on  the  needle  may  be  made  in  the  following  manner  :  a  some- 
what thick  copper  wire  must  be  bent  into  a  square,  the  sides  of  which 
must  l>e  fn>m  8  to  10  inches  in  length  ;  we  must  now  plunge  the 
two  extremities  of  the  wire  n  b  and/^.  Fig.  415,  into  the  mercury 
cup  of  a  galvanic  battery  of  Urge  surface,  (as,  for  instance,  into 
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the  cup  of  the  apparatus  seen  in  Figs.  401  and  402),   or  w 

connect  them  with  the  poles  of  the  Btmsen  appft-^ 
ratusj  securing  them  in  such  a  manner  that  the 
planes  of  the  square  may  coincide  with  the  planea 
of  the  magnetic  meridian.  If  we  assume  that  the 
wire  end  a  bi&  phmgcd  into  the  positively  elcctrio 
mercury  cup,  the  cuiTcnt  will  circulate  in  the 
manner  indicated  by  the  arrows.  It  will  aacend 
from  b  to  c,  but  from  c  to  rf  it  will  nin  in  the 
direction  of  the  magnetic  meridian  horizontally  from 
south  to  north,  thence  will  descend  from  d  to  e,  and  move  again  iq 
a  horizontal  line  from  north  to  south  along  the  portion  of  wire  ef. 
On  holding  a  magnetic  needle  exactly  over  the  portion  of  wire 
c  d,  it  would  remain  parallel  with  the  wiic  c  (i,  if  no  action  of  the 
current  affected  it ;  but  the  current  makes  the  needle  deviate  in 
such  a  manner  that  the  south  pole  (that  is  the  one  directed  towarda 
the  north)  hcs  to  the  east  of  the  magnetic  meridian.  If  wc  bold 
the  needle  under  the  portion  of  wire  c  d,  the  eud  of  the  needlei 
tui-ned  to  the  north  will  be  inclined  towards  the  west. 

The  exactly  opposite  action  is  obaerved  in  the  portion  of  wire  ef^ 
in  which  the  current  moves  in  a  direction  parallel,  but  opposite 
to  that  of  the  current  in  c  *^;  when  the  needle  is  held  exactly  over 
*/  a  deviation  to  the  west,  and  when  held  below  it,  a  deviation  to 
the  east  will  be  observed. 

At  £urst  great  ditBculty  was  experienced  iu  knowing  how  to 
express  in  a  few  words  the  relations  between  the  direction  of  the 
current  and  of  that  of  the  deviation,  this  difficulty  has,  liowever, 
been  \evy  ingeniously  removed  by  Ampere,  who  has  given  the 
following  rule  for  ascertaining  at  all  times  the  direction  of  the 
deviation.  Suppose  a  little  figure  of  a  man  to  be  so  inserted  into 
the  wire  that  the  +  current  shall  enter  at  the  feet  and  pass  out 
at  the  head ;  if  then  the  face  of  the  Hgurc  be  turned  to  the  needle, 
the  south  pole  of  the  latter  (the  north  eud)  will  always  be  inclined 
towards  the  left  side. 

The  figure  lies  horizontally  on  the  piece  of  wire  c  rf,  the  head 
turned  to  the  north,  and  the  feet  to  the  south.  If  the  needle  be 
held  over  the  wire^  the  figure  must  lie  on  its  hack  in  order  to 
have  the  face  turned  towards  the  needle,  and  iu  this  ]>osition  its 
left  side  will  be  the  cast.  If  the  needle  be  held  below  the  wire,  the 
figim:  must  be  turned  with  its  face  downwards,  when  the  left  side 
will  be  the  west. 
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In  tho  piece  of  wire  e  f^  the  feet  of  the  figtire  arc  tunied  to  the 
north  and  the  head  to  the  south ;  if  it  be  laid  on  its  back,  the 
Icf^  side  will  be  the  wcit^  and  of  conne  vmv  vtrtd^  if  we  lay  it 
on  its  face. 

If  a  horizontal  current  moving  in  the  direction  of  the  magnetic 
meridian  were  to  act  alone  upon  tlie  ncodle,  the  latter  would  place 
itself  at  right  angles  to  the  magnetic  meridian ;  but  besides  the 
current  tfrrestrial  magnetism  comes  into  play^  and  strives  to 
bring  the  needle  back  again  into  the  meridian.  The  needle 
will,  therefore,  assume  a  middle  position  under  the  influence  of 
those  two  forces,  making  an  angle  with  the  magnetic  meridian, 
which  will  approach  more  and  more  towards  a  right  angle  in 
proportion  as  the  force  of  the  current  ia  comparatively  greater 
than  the  force  of  the  terrestrial  magnetism. 

The  vertically  directed  current  in  A  c  and  in  if  *  caiiacs  the 
needle  likewise  to  deviate,  and  the  direction  of  this  deviation  may 
also  be  found  according  to  Ampere**  rules.  Let  us  suppose  this 
figure  standing  vertically  to  be  turned  towards  the  north  end,  this 
end  must  then  incline  to  the  left.  Here  we  must  not  forget, 
however,  that  the  figure  must  stand  upon  its  feet  for  an  ascending 
current,  and  ou  its  head  for  a  descending  one. 

It  follows  from  Amptre's  nilc,  that  the  same  vertical  current 
either  attracts  or  repels  the  north  end  of  the  needle,  according  to 
the  side  of  tho  wire  ou  which  this  pole  is  placed.     In  Fig.  416 
A^  S  represents  a  horizontal  needle  seen   from  above,  N  is  the 
no.  416.  north  end  of  the  needle,  w  a  vertical 

wire,  which  naturally  seems  con- 
tracted to  a  point  as  seen  from 
above.  If  now,  a  +  current  pasa 
from  below  upward  through  the  wire, 
we  must  suppose  the  figure  to  be 
upright ;  but  if  this  upright  figure 
be  turned  with  its  face  towards  A',  and  the  pole  N  in  relation  to 
this  figure  be  turned  to  the  left,  as  the  arrow  indicates,  ihc  needle 
wdl  evidently  be  repelled  by  the  wire.  If,  however,  the  needle 
is  in  the  position  N'  £?',  it  will  evidently  be  attracted  by  the 
wire. 

The  Mttltiplicator  or  the  Galvanomefer. — Shortly  after  Oersted 
had  made  his  important  discover)'  Schweigger  constructed  his 
nmlliplicator,  the  object  of  which  is  to  multiply  the  clcctro- 
maguelic  action  of  the  current.     This  iustromcnt  is  actually  so 
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BcnBitivc,  that  it  may  serve  to  detect  tlie  weakcat  electric 

All  parts  of  the  current  traversiug  the  elongated  parallelogram 

p  q  r  0  n.  Fig.  417,  in  the  direction  of  the  arrows,  act  iu  a  similar 

rie.  417,  ^^X   upon   the  needle  a  6,  which  rotates   in   a 

horizontal  plane.     If  n  be  the  Kouth  end,  and  b 

the  north  end,  the  current  will  show  a  tendency 

at  all  points  to  turn  the  needle  iu  such  a  manner 

that   b   shall   project  beyond   the   plane   of  the 

The  lower  |>ortion  of  wir^ 


.^^ 


r/ 


y    — 

figure,  whilst  a  will  retreat  behind  it. 
therefore,  supports  the  action  of  the  upper  in  the  same  niauucr 
aa  does  the  current  in  the  portions  p  q  and  r  o.  A  secoud  current 
of  the  same  force,  moving  iu  the  same  direction  round  the  needle 
will  produce  as  great  an  effect  as  the  iirst,  and  thus  it  will  be  with 
a  third,  a  fourth,  &c.  A  wire,  therefore,  wound  round  a  needle, 
in  100  convolutions,  all  of  which  arc  traversed  by  the  same 
current,  must  produce  an  action  of  100  times  greater  intcn&ity 
than  one  of  a  single  convolution  j  the  current  must  not^  however, 
be  propagated  laterally  from  one  winding  to  the  other,  but  most 
traverse  the  wire  througbuut  its  whole  length,  being  carried 
actually  round  the  needle.  To  effect  this,  we  take  a  copper 
wire  from  15  Xn  20  metres  in  length,  and  closely  twined  round 
with  silk,  which  is  then  wound  upon  a  wooden  or  metallic  frame. 
The  two  extremities  of  the  wires  of  the  multiplicator  must  reniaiu 
free,  80  that  they  may  be  brought  into  contact  with  the  poles  of  the 
galvanic  circuit.  The  needle  is  suspended  by  a  silk  untwisted  thread, 
and  the  whole  apparatus  protected  from  currents  of  air  by  a  gUsa 
bell.  On  making  an  experiment  with  this,  we  place  the  frame  in 
such  a  manner  that  the  planes  of  the  circumvolutions  shall 
coincide  with  the  magnetic  meridian,  when  the  needle  will 
likewise  be  in  the  plane  of  the  circumvolutions  while  no  current 
ia  passing,  but  as  soon  as  this  ia  established  the  needle  will 
deviate  iu  proportion  to  the  intensity  of  the  current. 

Nobili  has  made  a  multiplicator  iulinitely  more  delicate  than 
the  one  we  have  been  considering,  by  making  use  of  two  needles 
with   opposite  polos,  instead  of  one  needle,  as  seen  in  Pig.  418, 

and  still  better  in  Fig. 
419,  In  a  system  of 
needles  of  this  kind,  the 
dir«cting  force  of  tk 
earth's  magnetism 
very     inconsiderable. 
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being  only  the  difference  of  the  forces  with  which  the  terrestrial 
niagTietism  strivm  to  direct  each  needle.  If  both  needles  were 
ahsiilutcly  equals  and  possessed  a  perfectly  equal  amount  of  inag- 
nctism,  the  directing  force  exercised  by  the  earth  upon  this 
system  would  be  null.  But  one  of  the  needles  is  suspended  within, 
tnd  the  other  over  the  coila  of  wire,  both  will  therefore  be  turned 

towards  the  same  side  by  the  current. 
An  apparatus  of  this  kind  is  extremely 
deUcate. 

To  connect  the  wires  in  a  secure 
manner,  we  must  either  pass  both 
through  a  perfectly  straight  blade  of 
straw,  or  secure  them  to  a  very  thin 
wire,  as  seen  in  Fig.  419. 

The  upper  needle  moves  in  a  circle 
diWdcd  into  360  degrees.  The  line 
connecting  0  and  180"  is  marked  upon 
the  magnetic  meridisji ;  when  there  is 
Qo  current  passing  through  the  convolu- 
tions the  needle  points  to  C*.  The 
de^nation  of  the  needle  increases  with 
the  increasing  force  of  the  current; 
this  force  is  not,  however,  proportional  to  the  angle  of  deviation. 

The  direction  of  the  deviation  of  the  needle  determines  the  direc- 
tion of  the  current. 

Fig.  420  represents  a  complete  galvonometer,  and  421  exhibits 
the  frame  with  the  coils  of  the  wire  as  seen  from  above. 

Tftf  Tangent  Compass.-^When  we  have  to  do  with  stronger 
currents,  it  is  not  necessary  to  use  an  astatic  needle,  or  to  wind 
tlic  wire  so  many  times  round  the  needle ;  we  are  consequently 
enabled  to  construct  instruments  in  which  the  angle  of  deviation 
stands  in  a  simple  relation  to  the  force  of  the  current.  The  most 
simple  and  useful  apparatus  for  measuring  powerful  etu'renta  is 
the  so-called  tangent  compass  represented  at  Fig.  432.  The 
current  is  conducted  by  a  circularly  formed  vertical  copper  strip 
round  the  needle,  which  is  in  the  middle  of  the  circle,  compared 
with  whose  diameter  it  is  very  small.  The  current  is  conducted 
through  a  hollow  copper  cylinder,  from  which  it  passes  into  the 
circular  band,  while  the  other  end  of  the  copper  ring  is  in  con- 
nection with  a  copper  rod  passing  through  the  centre  of  the 
cop{>cr  tube,   without    being    in    contact   with    it.      Thus  the 


tra* 
versing  its  whole  lengtb,  and 
returning  again  through  the 
popper  rod,  which  is  insulated 
in  the  middlic  of  the  cylinder. 

The  apparatus  is  so  placed, 
that   the    copper    ring   lies    in 
the    plane    of    the    ma^ctic 
meridian,  the  needle  naturally 
being    in    this    case    in     the 
vertical  plane  of  the  ring,   and 
pointing  to  the  0  of  the  gra- 
duated division ;  as  »oon,   how- 
ever,    as     a     galvanic    current 
passes  through  the  copper  ring, 
the  needle  is  made  to  deviate, 
and  the  force  of  the  current  will  be  proportional  to  the  trigono- 
metrical tangent  of  the  angle  of  deviation,  hence  the  name  of  the 
instrument. 

Force  of  the  galvanic  circuit. — ^Thc  agent  which  producea 
the  phenomena  of  gaU'anism  is  nothing  more  than  the  electricity 
generated  in  the  electrifying  machine  and  in  the  clectrophonu,  only 
hare  the  electricity  ia  in  motion,  and  there  it  is  at  rest ;  the  one 
presents  us  with  phenomena  of  motion,  the  other  those  of  pressure ; 
the  one  afifording  ua  an  abundant,  the  other  a  comparatively  poor 
eup])ly  of  electricity. 

We  may,  perhaps,  make  the  true  relation  of  the  matter  clearer  by 
an  illustration.  Thus  we  may  compare  the  electrifying  machine  to 
a  well,  which  yields  water  but  sparingly,  but  lies  high  on  a  hill. 
The  water  may  be  collected  in  a  narrow  conducting  pipe  continued 
into  the  valley  and  clow^d  below.  The  walls  of  this  tube  have 
naturally  to  sustain  a  great  pressure,  especially  at  the  lower  end, 
although  the  mass  of  water  in  the  tube  may  be  small.  At  the 
lower  end  of  the  tube  there  is  an  opening  closed  by  a  valve, 
which  is  pressed  against  the  aperture  by  a  spring  or  a  weight. 
The  more,  however,  the  column  of  water  rises  in  the  tube  the 
stronger  will  be  the  pressure  ;  and  when  the  external  counter  pres- 
sure no  longer  suffices  to  afford  resistance,  the  valve  will  be  opened, 
and  the  water  will  rush  violently  forth,  at  the  same  time,  however, 
the  level  of  the  water  in  the  tube  will  rapidly  sink ;  the  external 
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pressure  will  again  acquire  a  preponderating  force  and  close  the 
aperture.  By  degrees  the  tube  will  be  refilled,  and  after  a  time 
the  water  will  rise  so  high,  that  the  valve  will  be  again  opened. 

In  the  electrifying  machine  the  conductor  is  the  vessel,  or 
conducting  pipe,  in  which  the  electricity  is  accumulated.  If  we 
bring  a  conductor,  aa  the  knuckle  of  the  linger  to  the  one  end  of 
the  conductor,  the  greatest  accumulation  of  electricity  will  take 
place ;  the  electricity  will  have  a  tendency  to  pass  to  the  linger ;  but 
the  layer  of  air  between  the  conductor  and  the  band  representing 
the  weight  which  holds  the  valve  down,  will  hinder  its  pasaage.  It 
ia  only  when  the  electricity  on  the  conductor  has  accumulated  to  a 
certain  amount  that  the  resistance  is  overcome,  the  layer  of  air 
broken  through  and  the  conductor  partly  discharged.  On  bring- 
ing the  finger  still  nearer  to  the  conductor,  the  resistance  opposed 
to  the  pMMge  of  the  electricity  is  diminished,  which  again  corres- 
ponds to  the  abatement  of  the  pressure  that  keeps  the  valve  of 
the  conducting  pipe  closed. 

If  the  opening  at  the  lower  end  of  the  conducting  tube  were 
not  shut  by  the  valve,  the  water  would  flow  out  in  the  same 
proportion  as  that  supplied  by  the  spring,  and  the  accu- 
mulation of  the  water  together  with  the  pressure  sustained  by  the 
walls  would  cease.  As,  however,  the  spring  yields  only  a  small 
quantity  of  water,  very  little  will  tlow  from  the  aperture,  and  the 
water  which  was  able  to  bear  so  great  a  pressure  when  accumu- 
lated in  the  tube,  can  scarcely  produce  any  perceptible  mechanical 
effect  when  it  is  suffered  to  flow  freely  out. 

Tlie  case  of  the  conductor  of  the  machine  being  brought  in 
conducting  commuuicatioa  with  the  earth  or  the  rubber,  corres- 
ponds to  the  free  discharge  of  water  from  a  scantily  supplied 
Apring.  All  tension,  or  accumulation  of  electricity  on  the  con- 
ductor ceaacs ;  the  thinnest  wire  being  then  able  to  draw  off  all 
the  electricity  from  the  conductor;  while  the  firccly  discharging 
electricity  scarcely  gives  the  slightest  evidence  of  those  powerful 
actions  obsened  in  galvanic  apparatus. 

A  galvanic  apparatus  is  like  a  very  copious  spring  having  an 
inconsiderable  fall,  and  whose  water  is  freely  discharged  in  wide 
channels.  Tlic  whole  maew  of  the  water  exercises  but  a  trifling 
pressure  on  the  walls ;  but  it  is  capable  of  producing  mechanical 
effects,  mo\'ing  wheels,  &c. 

If  a  large  Leyden  jar  be  discharged  by  a  thin  wire,  the  latter 


will,  aa  we  have  already  seen,  become  red  hot,  owing  to  the  qaac 
of  electricity  passed  through  it.  llic  actiou,  however,  i»  only 
mouieutan',  as  a]l  the  electricity  accumulated  in  the  jar  by  the 
continued  tumiug  of  the  machine  passes  in  a  moment  through 
the  thin  wire.  The  case  is  totally  different  when  we  unite  by 
a  thin  short  wire  both  poles  of  a  ^vauic  apparatus  with  large 
plates.  The  •ware  will  become  red  hot  even  when  it  is  far  thicker 
than  the  wire  heated  by  the  discharge  of  the  Leydcn  jar : 
but  here  the  heating  is  not  momeutary,  but  continues  as  long 
as  the  current  passes  through  the  wire ;  at  every  moment,  there- 
fore, the  galvanic  apparatus  j-ielda  incomparably  more  cloctrtci^ 
than  can  be  accumulated  in  the  Leyden  jar  by  a  continued 
turning  of  the  machine. 

Let  U8  now  proceed  to  examine  the  circumstances  on  which 
depends  the  quantity  of  electricity  which  can  be  engendered  by 
a  galvanic  apparatus. 

When  two  metals  are  brought  into  contact,  if  only  at  a  few  points, 
we  at  once  obtain  an  abundant  supply  of  electricity.  Wc  have  already 
seen  that  wc  cannot  form  a  galvanic  apj>aratU8  without  such  bodies 
as  belong  to  the  series  of  tension.  Galvanic  circuits  arc  cons- 
tructed of  metals  and  fluids;  the  latter,  however,  are  not  g^x>d 
conductors  of  electricity,  and  rank  in  this  respect  far  below 
metals.  The  moist  layers  intervening  between  the  metal  plates 
of  the  voltaic  pile  are  not  able  in  a  given  time  to  give  a  passage 
to  all  the  electricity  which  in  the  same  period  of  time  may  pos- 
sibly be  engendered  by  the  electromotor  force  of  the  pile.  It  will 
of  course  be  understood  that  the  quantity  of  the  electricity  which 
can  circulate  in  such  an  apparatus  depends  upon  the  diagonal 
section  of  the  moist  layers ;  now  as  the  diagonal  section  of  the 
moist  conductor  in  the  voltaic  pile  depends  upon  the  size  of  the 
double  jilatesj  we  may  by  increasing  the  size  of  the  latter,  augment 
the  quantity  of  the  electricity.  AVc  shall  subsequently  Icam  by 
experimental  ])roofa  to  test  the  correctness  of  this  view. 

With  the  increase  of  the  plates  in  the  voltaic  pile,  the  surfaces 
of  contact  between  the  copper  and  zinc  also  increase ;  that  the 
increased  quantity  of  the  electric  current  is  not  occasioned  by 
this  circumstance  is,  however,  proved  by  the  fact  that  the  appa- 
ratus delineated  in  Figs.  401,  402,  and  404,  ^which  have  a  large 
diagonal  fluid  surface  intervening  between  the  copper  and  ainc, 
yield  a   considerable   quantity   of   electricity,   although    the  two 
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mrtalfl  aw  only  broupht  into  contact  at  a  |)r«i>ortional!y  small 
aiirfarc,  namely,  where  the  copper  wire  w  soldered  to  the  siac 
cylinder  or  plate. 

Everything,  therefore,  which  promotes  the  passage  of  elec- 
tricity through  the  Huid  conductor  effects  au  immediate  increaae  of 
the  quantity  engendered.  The  aborter  the  ooarae  ia  which  the 
electricity  must  traverse  in  )ia.sHing  through  the  fluid,  and,  conse- 
quently, the  thinner  the  Ihiid  layer  between  the  metal  plates,  the 
greater  will  be  the  quantity  of  electricity  that  can  circulate  in  the 
ap|>aratu8.  Thus,  the  greater  the  conducting  |)ower  of  the  tluid,  and 
the  closer  the  metal  plates  approximate  to  each  other  in  the  Huid, 
the  greater  will  be  the  electric  quantity  of  the  current. 

Let  us  now  inquire  iuto  the  inllucucc  exercised  by  the  number 
of  the  double  plates  upon  the  galvanic  current.  If  we  sujipose  a 
moist  disc  or  layer  to  be  placed  between  a  zinc  and  a  copper 
plate,  and  the  metals  united  by  a  copper  wire,  we  shall  have  a 
closed  simple  galvanic  circuit.  The  resistance  to  be  opposed  by 
the  current  in  the  moist  conductor  is  incomparably  greater  than 
the  resistance  opposed  by  the  wire  to  the  circulation  of  the  current; 
the  apparatus  yielding  far  more  electricity  than  the  moist  con- 
ductor  can  transmit.  If  wc  double  the  number  of  elements, 
connecting  the  uppermost  copper  plate  by  a  copper  wire  with  the 
lowest  zinc  plate,  we  shall  have  a  circuit  of  two  elements.  The 
question  here  arises,  as  to  whether  by  this  arrangement  a  larger 
quantity  of  electricity  can  be  made  to  circulate  than  in  the  above 
considered  simple  circuit  ? 

In  the  simple  circuit,  the  quantity  of  the  circulating  electricity 
is  limited  by  the  resistance  of  the  moist  conductor ;  now,  this 
resistance  is  doubled  by  the  second  moist  layer ;  but  then,  on  the 
other  hand,  the  tension  urging  the  pas.<iagc  of  the  electric  current 
has  become  twice  as  great,  and,  consequently,  an  equal  quantity  of 
electricity  will  circulate  in  both  eases.  The  increase  of  the  number 
of  double  plates  docs  not  tend  to  augment  the  quantity  of  the 
circulating  electricity  when  the  circuit  is  perfectly  closed,  since,  in 
this  case,  it  is  quite  immaterial  whether  we  use  one  or  many  pairs 
of  plates.  In  an  imperfectly  closed  circuit,  however,  that  is,  where 
a  bad  conductor  has  bccu  made  to  complete  the  circuit,  many 
plates  must  be  made  use  of,  as  a  greater  degree  of  electric  tension 
is  necessary  to  force  a  paaaage,  a*  it  were,  through  llie  bad 
conductor.  The  intensity  of  the  galvanic  current  is  proportional 
to  the  number  of  the  double  plates. 
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If  I,  that  is  to  «ay,  the  resistance  in  the  arc  closing  the  circoii 
were  null,  the  force  of  the  current  would  be  proportioual  to  the 
superficea  of  the  electric  element ;  and  thix  is  very  nearly  i 
case  when  /  is  extremely  amall ;  an  increase  of  surface  produce^ 
therefore,  an  increase  in  the  force  of  the  current,  if  the  resistance 
in  the  closing  arc  he  small  in  prc^rtion  to  the  resistance  in  the 
circuit  itself. 

The  values  for  the  resistances  in  the  circuit  itself,  and  in  the 
closing  arc,  must,  as  wc  shall  presently  ace,  be  referred  to  the 
same  unit. 

These  laws  are  fully  confirmed  by  experiment. 

In  order  to  show  that  the  force  of  the  current  stands  in  an 
inverse  relation  to  the  length  of  the  closing  arc,  wc  have  merely  to 
complete  the  circuit  of  a  galvanic  clement  (for  instance,  one  of 
Becqucrel's  elements)  by  a  tangential  compass,  and  then  insert, 
according  to  the  scriesj  pieces  of  wire  of  different  length,  noting 
each  time  the  corresponding  deviation. 

A  scries  of  experiments  of  this  kind  gave  the  following 
results : 


III, 

he  ^j 

I 


Length  of  the  CQp}>er 
wircft  inserted. 

CeviatiDD  oliserTttL 

T&ngenU  of  the  angles 
at  dcriatloQ- 

0  metre. 

S 

10 

40 

70 

100 

620  00' 
40    20 
28    30 

9    45 
6    00 
4    15 

1,880 
0,849 
0,543 
0,172 
0,105 
0,074 

"We  observe  here,  no  regularity  in  the  decrease  of  the  intensity 
of  the  current  on  lengthening  the  inserted  wire ;  but  when 
wc  conaidcr  that  this  wire  is  not  the  only  resistance  to  the 
current,  and  that  in  the  electromotor  apparatus  itself,  and  in  the 
different  parts  of  the  compasa  through  which  the  ciurent  passes,  i 
resistance  has  to  be  overcome,  which  we  will  designate  aa  the 
rttistance  of  Ute  element,  it  will  be  evident  that  this  last  named 
resistance  may  be  estimated  as  equal  to  the  resistance  of  a  copper 
wire  of  the  same  thickness  as  the  one  inserted,  and  of  the  unVnown 
length  X ;  the  following,  therefore,  arc  actually  the  correspond 
lengths  of  the  circuit,  and  of  the  angles  of  deviation. 


liCR^h  of  the  chain. 

DevUtion  obserretL 

Tangents  of  the  angle 
uf  (leviatioD. 

X 

X  +      5 
X  +    10 
X  +    40 
1+70 
X  +100 

62"  00' 

40    20 

28    SO 

9    45 

6    00 

4    15 

1,880 
0,849 
0,543 
0,172 
0,105 
0,074 

If  now  the  force  of  the  hydro-elcctric  currents  is  aetually 
inverat'Iy  as  the  length  of  the  circuit,  the  numbers  of  the  rirst 
column  must  be  iuvcrsely  as  the  numbers  of  the  last,  and 
consequently,  *  ;  a:  +  5  =  0,849  :  1,880,  whence  it  follows  that 
X  ^  'VjW,  If,  in  the  same  manner,  we  compare  the  first  observa- 
tion with  all  those  succe-cding  it,  we  sliall  always  obtain  the  same 
value  for  x;  and,  indeed,  the  values  thus  computed  for  x  arc  very 
nearly  equal  to  each  other  :  we  find,  for  instance,  besides  the  value 
already  computed,  4,06,  4,03,  4,14,  and  4,09  metres.  The  mean 
of  which  is  4,08. 

The  resistance  of  the  element  is,  therefore,  eqiud  to  the  resis- 
tance of  a  copper  wire,  4,08  metres  in  length,  and  of  the  same 
thickness  as  the  one  inserted.  If  we  make  this  length  our 
standard,  we  may  easily,  by  aid  of  the  general  law,  that  the 
force  of  the  current  is  inversely  as  the  length  of  the  circuit, 
compute  the  deviations  that  will  be  obtained,  and  then  compare 
them  with  those  directly  observed,  as  has  been  done  in  the  follow- 
ing table. 


Length  of  the  etmdt. 

The  compatod  da- 
iriaUoa. 

The  ilevislivn 
actoally  otMcnretL 

Difference. 

4,08  metres 

9.08 

14,08 

44,08 

74,08 

104,08 

02"    00' 

40     18 

28     41 

9     56 

5     57 

4     14 

620   00' 

40     20 

28    30 

9    45 

6    00 

4     15 

+     3 

—  U 

—  11 
+     8 

+     1 

Such  an  accordance  between  the  results  of  observation,  and 
those  derived  from  a  general  law,  leave  no  doubt  as  to  the  correct- 
ness of  thnt  law. 


In  order  to  show  that  m  a  perfectly  cloaed  circuit,  that  w^wb 
the  resistance  in  the  conductor  is  very  inconsiderable,  the  numb 
of  the  elenientu  doea  not  increase  the  force  of  the  current  in  ti 
cloMiig  arc,  we  mwfrt  successively  c*)niplctf  a  circuit,  compofl 
of  1,2,  3,  or  4  elements,  through  the  tangential  compass,  U 
then  obacne  the  com-sponJiiip  deviation.  A  series  of  experimen 
of  this  kind,  gave  the  following  results  : 


Number  of  etciuents. 

Deviation  obiflrted. 

1      . 

.    69° 

2    . 

.    66,6 

a   . 

.     67,6 

4    . 

.    67 

5    . 

.    68 

6    . 

.    64. 

We  sec  here,  that  the  force  of  the  current  remains  alnM 
entirely  unchanged,  not  incrca.sing  with  the  addition  of  tl 
elements.  The  reason  of  its  not  remaining  wholly  uncfaangl 
is,  that  the  individual  elements  are  not  perfectly  equal. 

WhcrCj  however,  there  is  a  considerable  resistance  to  be  ova 
come,  the  force  of  the  current  ia  certainly  increased  with  tl 
number  of  the  dements.  Six  elements,  closed  by  the  taiigentii 
compasSj  yielded  a  deviation  of  39^  after  the  insertion  of  a  wii 
40  metres  in  length. 

One  element,  closed  in  the  tangential  compass  by  the  same  win 
measuring  40  feet  in  length,  only  showed  a  deviation  of  11^. 

Capacity  of  metals  for  conducting  electric  currents^  or  the  Mti 
ductibility  of  metaU,—  ln  the  experiments  given,  (at  page  40^ 
pieces  of  wire,  varjong  in  length,  were  inserted  in  the  closi]^ 
arc  of  the  circuit,  and  the  relation  of  the  force  of  the  currcB 
to  the  length  of  the  closing  wire  was  thus  obtained.  If  now  w 
insert  into  the  closing  arc  wires  of  equal  length,  but  of  uneqtu 
thickness,  composed  of  the  same  metal,  and  still  observe  tfa 
corresponding  deviations  of  the  needle  of  the  tangential  compaai 
we  shall  ascertain  &om  these  experiments  the  relation  that  til 
force  of  the  current  bears  to  the  thicknr»s  of  the  wires ;  and  hei 
we  find,  that  the  force  of  the  current  is  proportional  to  the  tranmrert 
section  of  the  wires ;  or  in  other  words,  that  two  wires  composed  i 
Vie  same  metal  will  esercise  an  equal  resistance,  if  their  lenfftka  m 
inversely  as  their  transverse  sections. 

In   order   to   compare   the  couduclibility   of  different    mctali 
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no  method  is  simpler,  or  more  certain,  than  to  conduct  the  current 
of  a  sufficiently  jxiwcrfal  clement  through  a  tangential  compaaa^  to 
insert  wires  of  different  metala  in  the  closing  arc^  and  to  observe 
the  eorreHiMinding  deviations. 

The   following   arc   the   numbers    expressing   the  capacity  of 
dififerent  metals  for  conducting  electric  currents : 


Silver       . 

.     136 

Gold        . 

.     103 

Copper    . 

.     100 

Zinc 

.       28 

Platinum 

.       22 

Iron 

17 

Mercury 

.        .         2,6 

That  is  to  say,  a  copper  wire  of  100  feet  in  length  offers  at 
great  a  resistance  to  an  electric  current,  as  cqnally  thick  wires 
of  ailver,  nnc,  platinum,  iron,  &c.,  which  are  respectively  136,  28, 
22,  or  17  feet  in  length. 

The  conducting  power  of  Huids  is  very  small  in  comparison  to 
that  of  metaU :  thus,  ex.  gr.,  the  conducting  power  of  platinum 
is  2\  million  times  as  great  as  that  of  a  solution  of  sulphate  of 
copper;  while  the  conducting  power  of  distilled  water  is  only 
0,0025  of  the  conducting  power  of  a  solution  of  sulphate  of 
cojiper. 


We  have  already  remarked  that  the  electric  curreut  is  capable 
of  making  the  magnetic  needle  deviate,  and  it  now  remains  for  us, 
without  entering  further  into  these  magnetic  actions,  to  pass  to  the 
consideration  of  the  apphcatious  that  have  been  made  of  the  devia- 
tion  of  the  magnetic  needle,  to  ascertain  the  laws  of  the  force  of 
the  current.  The  following  chapter  is  devoted  to  the  further 
consideration  of  the  magnetic  actions  of  the  electric  current. 

Magnetization  by  the  yahanic  current, — The  electric  current  acta 
not  only  on  free  magnetism,  but  is  likewise  capable  of  separating 
the  still  combined  magnetic  HuidH.  In  order  to  show  the  action 
of  the  current  on  soft  iron,  we  uetd  only  plunge  the  wire  into  iron 
61ings,  or  strew  them  over  it  during  the  passage  of  the  galvanic 
current.  The  iron  iilings  remain  hanging  to  the  wire  until  the 
current  is  broken ;  small  steel  needles  may  be  converted  into 
pcruiaueut  magnets  by  means  of  the  galvanic  curreut ;  in  order, 
riG.  423.  no.  424.  however,  to  render  the  current  very  active,  we 
must  make  it  pass  transversely  round  the  needle, 
as  is  the  case  in  the  arrangement  we  arc  about  to 
describe.  A  copper  wire  is  wouud  spirally  round 
''  a  glass  tube,  in  which  a  steel  needle  is  placed 
(sec  Fig.  423).  If  now  we  let  a  current  pan 
through  the  convolutions  of  the  wire,  the  needle 
will  become  permanently  magnetic,  and  it  in  only 
necessary  that  the  current  should  pass  through  it 
for  the  space  of  a  minute  to  magnetise  the  needle 
-fl   as  perfectly  as  possible. 

We  distinguish  rtght-haudcd  helices  as 
seen  in  Fig.  423,  frcmi  left-ltanded  helices  as 
wen   m  Fig.  424.      hi  Ihc  former,  the  couvolo- 
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tions  run  in  the  same  manner  ks  in  a  cork-Hcrcw,  or  in  an  ordinary 
•crew. 

In  right-hnnHcd  helices  the  nnrtb  pole^  (that  16  the  south 
end),  is  at  thul  cud  <»f  the  needle  whrre  the  +  current  eutera  it, 
while,  in  the  left-handed  helix,  the  north  pole  in  at  the  extre- 
mity from  whence  the  current  pawes  out.  In  the  figures,  the 
north  pole  ia  dc9i(i:natcd  as  6,  and  the  south  pole  as  a. 

Wi.-  may  make  ma^uels  of  soft  iron  by  means  of  the  galvanic 
current,  far  surpassing  all  steel  magnets  in  force.  For  this 
purpose  it  is  only  necessary  to  encircle  a  strong  horse-shoe 
of  soft  iron  with  thick  copper  wire,  m  the  way  represented 
in  Fig.  425.  The  copper  wire  must  be  covered  with  silk,  in 
order  that  the  current  may  not  pass  laterally  from  one  winding 
no.  425.  to  another,   (these  windings  lying  dose  toge- 

ther), or  be  transferred  to  the  iron,  but 
traverse  the  wire  in  its  whole  length.  The 
wire  is  twisted  round  the  cun'ed  lines  of 
a  horse-shoe,  passing  ronnd  in  the  same 
direction,  but  somewhat  inclined  to  the 
right ;  if,  therefore,  the  +  current  enters 
^  at  a,  a  north  pole  will  be  formed  there,  and 
a  south  pule  at  b.  By  means  of  a  bolder 
we  may  suspend  weights  to  a  magnet  of  this  kind.  Thus,  a 
magnet  whose  diameter  is  about  6  or  8  centimetres,  and  whoee 
limbs  ore  about  1  foot  or  1,5  feet  in  length,  may  anstain  a  weight 
of  from  8()0  to  lOOOlbs.,  provided  the  wire  Iw  thick,  and  the 
current  jiassing  tlmiugh  it  be  of  sufficient  strength.  As  electro- 
motors for  these  electro-magnets,  simple  circuits  of  a  large  area  are 
une<l,  or  Grwi'fjf'  or  Bunsen^  elements ;  for  this  purpose,  however, 
all  the  zinc  cylinders  must  be  connected  together,  in  the  same 
manner  as  all  the  carbon  cylinders  ur  platinum  plates.  The 
magnetism  vanishes  as  the  current  ceases. 

As  wc  can  engender  a  tein]xjrarily  jwwcrful  magnetism  in  soft 
iron  by  the  galvanic  current,  we  are  also  able  to  produce  stocl 
magnets  of  great  force  by  the  same  means.  An  arrangement 
especially  applicable  to  this  purpose  is  the  wire  coil  convtructcd  by 
Elias,  and  represented  in  Fig.  426. 

A  copper  wire  about  25  feet  in  length,  and  |th  of  an  inch  in 
thickness,  must  be  properly  encircled  with  silk,  and  then  wound 
into  a  coil,  as  seen  in  the  figure.  Tlic  height  of  the  wire  coil 
amounts  to  about  1   mch,  and  the  duuucter  cif  the  inner  cavity  to 
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14  inchea.     The  two   extremities  of  the  wires  arc   brought 
connectiun    with   the   polc-H  of  u  powerful  voltaic  clement  whj 
we  want  to  aiagnettae  a  steel  rod. 


Whilst  a  strong  current  circulatCH  through  the  wire 
the  steel  statf  or  rod  must  be  inserted  into  the  coil  and 
backward  and  forward,  and  when  the  middle  part  is  a  second  tim 
in  the  coil,  the  circuit  is  opened,  and  the  rod  can  then  be  takes 
out  perfectly  magnetised. 

It  is  beat  to  put  a  piece  uf  soft  iron  above  and  below  the  steel 
rod,  and,  if  the  rod  to  be  magnetised  be  of  a  horse-ahoe  shap^ 
it  should  be  provided  with  a  holder  during  the  operation. 

Application  of  the  galvanic  current  as  a  moving  force, — Thd 
powerful  magnetic  actions  which  the  electric  current  is  capable  q| 
producing,  have  led  to  the  idea  of  applying  them  as  a  muviug 
power.  Fig.  427  shows  an  apparatus  which  is  well  adapted  ta 
e3chibit  the  manner  in  which  a  continuous  motion  may  be  pro 
duced  by  the  magnetising  action  of  the  galvanic  current. 

^  J3  ia  a  piece  of  soft  iron  curved  into  the  form  of  a  horae-«hoc^ 
and  fixed  to  a  stand,  being  encircled  by  a  cupper  wire  in  thi 
manner  indicated  in  the  electro -magnet  in  Fig.  425.  The  onf 
end  of  the  wire  goes  to  the  brass  column  a,  the  other  to  b,  tb< 
polcH  of  a  powerful  galvanic  element  are  attached  at 
h,  and  the  iron  A  B'\%  thus  converted  into  a  magnet. 

Within  the  horsC'^hoc  A  B,  a  similar  smaller  one  C 
introduced,  which  rotates  about  a  vertical  axis.  This  iron  C  D  i^ 
likewise  encircled  by  a  copper  wire  in  the  manner  indicated,  the 
two  ends  of  the  wire  being  plunged  into  a  wooden  ring.shape^ 
channel  tilled  with  mercury.  This  channel  is  divided  into  twu 
parts  by  means  of  a  wooden  or  ivory  partition,  the  one  pwt  being 
iu  coinmunication  l)y  means  of  a  copper  wire  with  the  brass 
column  Cj  and  the  other  with  the  brass  column  J,     (Tl 
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poles  of  a  iiimple  circuit  are  attached  at  c  and  d).  The  two 
partitions  must  now  be  filled  with  mercury  to  f^uch  a  height  that 
the  level  may  project  beyond  the  partition  wnllsj  although  not  so 


no.  437. 


as  to  pass  from  one  space  to  the  other,  which  may  eaaily  happen, 
owing  to  the  mercury  fomnng  a  convex  drop,  aa  it  were,  in  each 
division.  The  two  ends  of  the  clcctro-magnet  CD  penetrate 
sufficiently  far  into  the  vcascl  so  as  to  dip  into  the  mercury 
on  cither  side  of  the  partition  wall,  but  in  such  a  maimer  as 
to  admit  of  their  passing  freely  over  it  during  the  rotation  of  the 
eloctro-magnet  C  D.  In  the  position  of  the  electro-magnet 
C  D  represented  in  Fig.  427,  supposing  the  +  pole  of  a 
powerful  galvanic  clement  to  be  connected  at  c,  and  its  — 
pole  at  d,  the  +  current  will  pass  from  c  to  the  left  division 
of  the  channel,  from  whence  it  will  go  through  the  copper  wire 
round  the  monng  horse-shoe  from  D  to  C,  then  from  C  into  the 
right  division  of  the  channel,  and  from  thence  to  d.  In  this 
position  the  pole  C  will  be  attracted  by  A,  and  D  by  B^  by  which 
a  rotatory  motion  of  the  electro-magnet  V  D  will  be  induced.    But 
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DOW  when  C  reaches  Ay  and  D  reaches  H,  the  two  ends  of 
of  the  inner  clectro-mngnet  will  pass  over  the  partition  wall;  the 
current  that  makes  CD  magnetic  will  be  internipted  for  a  moment; 
as  aoon,  however,  as  the  ends  of  the  wires  have  passed  from  one 
division  into  the  other,  the  current  wUl  go  in  an  opposite  directxoa 
through  the  copper  wire  eucircliug  C  D,  the  pole  C  will  then  be 
repelled  by  A^  and  D  by  B,  whilst  C  and  B  and  D  and  A  wiQ 
attract  each  other,  thus  the  rotation  of  the  inner  electro- magnet 
will  be  continued  until  C  comes  to  J3,  and  Z)to  Aj  and  by  another 
inversion  of  the  polea  of  the  inner  electro-magnet,  the  rot 
of  the  latter  will  \ye.  continued  in  an  op|x>site  direction. 

A  notched  wheel  is  secured  to  the  rotatory  axis  of  the 
clcctro*magnet,    and   connected   with   a  second   wheel    of   larger' 
diameter.     Around  the  axis  of  the  latter  a  string  is  wound^  which 
passes  uvLT  a  pulley,  and  supports  a  hanging  weight  that  is  lilted 
hy  the  rotation  of  the  inner  electro-magnet. 

This  apparatus  is  merely  an  improvement  upon  Ritchi^» 
rotation  apparatus,  in  which  a  steel  magnet  supplies  the  ])lacc 
of  the  external  electro-magnetj  whilst  the  rotating  iron  has  the 
form  of  a  straight  rod  surrounded  by  a  wire,  the  extremities  of 
which  are  immersed  in  a  channel  filled  with  merairy,  as  in  our 
apparatus,  the  rotation  being  maintained  by  the  inversion  of  the 
poles  succeeding  every  semi-revolution. 

The  attempts  made  by  Jaeobi  in  Petersburg,  and  Wagner  in 
Frankfort,  to  apply  the  galvanic  current  practically  as  a  moving 
power,  have  not  hitherto  afforded  the  desired  results. 

Another  practical  appUcation  of  the  magnetization  of  suit  iron 
by  galvanic  currents  has  been  made  use  of  in  the  Electric  Tele- 
ffraph,  the  arrangement  of  which  is  essentially  as  follows.  If  the 
two  extremities  of  a  wire  encircling  a  U-shaped  piece  of  soft  iron 
be  made  so  long  as  to  pass  many  miles  to  some  distant  place, 
at  which  there  is  a  galvanic  circuit,  we  may,  by  alternately  closing 
and  opening  this  circuit  with  the  wire  ends,  communicate  magnetism 
to,  or  remove  it  from  the  distant  iron ;  and  thus  we  may,  conse- 
quently, cause  the  electro-magnet  alternately  to  attract,  and  again  to 
repel  an  armature,  the  motion  of  which  is  by  means  of  a  tooth  of 
the  wheel  conveyed  to  the  hand  of  a  disc,  round  the  margin  of  which 
the  letters  of  the  alphabet  arc  marked.  If  the  hand  be  properly 
placed,  it  will  move  to  ^  on  the  first  closing  of  the  circuit,  to  B 
on  the  succeeding  u|)euing,  and  to  C  on  a  second  closing,  and  so 
forth.     We  may  thus  bring  the  baud  to  any  number  of  let 
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aftt'r  the  corrcsiwnding  nurabcr  of  opGiiings  ant!  closings  of  the 
circuit,  auJ,  consequently,  designate  words  and  sentences,  no  less 
than  single  letters.  It  would  carry  us  beyond  our  limitft  to  enter 
more  fully  into  the  arrangement  of  this  apparatus. 

Direction  of  currents  by  the  injiucnce  of  terrestrial  magnetism*^ — 
Since  the  current  exercises  an  inHucncc  on  magnets,  we  cannot 
doubt  that  a  like  action  is  conventcly  transferred  by  ma^et&  tti 
the  current,  and  that  thi-y  arc  able  to  direct  it  in  difTercnt  ways. 
Amongst  dl  these  converse  phenomena,  the  moat  interesting  is 
that  exercised  by  terrestrial  magnetism  on  currents,  and  attempts 
had  fre(]uently  boeu  made  to  establish  moving  currents,  which, 
when  left  to  theraselvea,  might  exliibit  all  the  phenomena  of 
the  needle;  these  experiments,  however,  all  failed,  owing  to 
the  necessary  mobility  not  being  given  to  the  currents.  At 
length  all  these  difficulties  were  overcome  by  an  ingenious 
contrivance  of  Ampere,  which  admits  of  being  applied  to  oil 
currents. 

Fig.  428  rcprcftcnta  two  vertical  brass  columns  secured  to  a 

wooden  stand,  and  having  at 
the  top  two  horixoutal  arms, 
terminating  in  the  mercury 
cups  X  and  y,  of  which  the 
one  central  point  is  placed 
vert  ically  below  the  other. 
Mlicrc  the  horizontal  arms 
appear  to  be  in  contact,  they 
arc  separated  by  insulating  sub- 
\  stances;  when,  thert^fore,  the  feet 
~     of  the  columns  are  brought  in 
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connectioa  witli  Dora  potea  of  the  circuit,  one  of  the  electric 
fluids  ¥fill  reach  the  cup  x,  and  the  other  the  cup  y.  One 
of  these  cups  may  be  named  the  potitivej  and  the  other  the 
neffulive. 

A  copper  wire,  curved  in  the  manner  shown  in  Figs.  429  and 
430,  is  suspcndtnl  to  the  cups  x  and  y.  The  wire  ends  are  sepa- 
rated by  an  insulated  substance  where  they  appear  to  be  in 
contact ;  they  are  curbed  at  the  top,  aud  provided  with  steel 
points  which  arc  plunged  into  the  cups  x  and  y  (Fig.  428).  The 
one  point  penetrates  to  the  bottom  of  the  cup,  and  rests  upon 
a  small  glass  plate,  while  the  other  point  is  only  just  immersed 


in  the   mercury, 
moveable. 

On  auflfering  a  current  to  pass,  the  wire,  after  making  seven! 
oacillutionB,  will  place  itself  in  a  definite  position,  to  which  it  vifl 
invariably  return  if  removed  from  it. 

If  we  turn  the  curreut,  bringing  the  column  which  waa  pre- 
vioualy  in  connection  with  the  +  pole  of  the  circuit  into  contact 
with  the  —  pole,  and  vice  versd,  the  wire  will  describe  half  • 
revolution  round  its  vertical  axis  of  rotation  before  it  will  recover  iti 
equilibrium.  In  both  positions  of  equilibrium,  the  circle  stan^ 
in  such  a  manner  that  its  plane  makes  a  right  angle  with  that 
of  the  magnetic  meridian.  Stable  equilibrium  will  be  eMtablisked 
when  the  positive  current  passes  from  east  to  west  in  the  lower  half 
of  the  circle. 

Very  weak  currents  are  even  directed  by  terrestrial   mag^adisni, 

and  on  this  principle  rests  the  construction  of  the  apparatus  in 

...     Fig.  431.     In  a  piece  of  cork,  swinjming  in   acidulated 

water,  we  secure  a  piece  of  line  and  a  piece  of  copper, 

which  reach  into  the  fluid,  and  arc  connected   at  the 

top  by  a  circular  copper  wire.     When  placed  upon  the 

water,  a  current  will  be  found  which  pa6.sc^  from 

tine  in  the  water  to  the  copper,  and  then  through 

wire  following  the  direction  indicated  by   the 

This  ciurent  is  sxifficicntly  strong  to  be  directed  by 

magnetism,  and  will   therefore  so  much  the  more   be 

attracted  and  repelled  by  a  magnet. 

As  a  closed  circular  current,   rcvobing  round  a  vertical 
places  itself  at  right  angles  with  the  magnetic  meridian,  it 
that  a  combination  of  parallel  circles  which   arc  traversed  in  the 
aamc  direction,  must  range  themselves  in  the  hke  manner. 
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the  wire  helix  seen  in  Fig.  '132,  when  flusprndrd  by  Amp^^s  stand, 
no.  432.  i"tJ  when  traversed   by  a  current,  must 

place  itself  in  «ucb  a  manner  that  ita 
axis  shall  be  in  the  line  of  the  direction 
of  the  needle  of  declination. 

It  not  only  foUows  from  this,  that  the 
needle  of  declination  may  bo  thns  imi- 
tated by  a  wire  helix,  but  also  that  the 
south  pole,  that  is,  the  one  directed  to  the  north,  ia  the  one  on  the 
right  side  of  which  lica  the  ascending  current,  if  we  look  at  it  from 
ita  prt-Rcnt  mde.  If  we  look  at  the  wire  from  a,  we  have  the  ascend- 
ing current  to  the  right,  and  the  desoeudiug  one  to  the  Icfl ;  but 
if  we  consider  the  wire  helix  in  the  direction  of  b,  we  shall  have 
the  uoending  current  to  our  left;  a  consequently  is  the  soutli 
pole,  and  must  turn  to  the  north.  In  like  manner,  we  may  say 
that  if  a  needle  of  declination  be  placed  in  a  position  of  equili- 
brium, the  lower  current  will  go  from  east  to  west. 

The  board,  to  which  the  different  windings  of  the  wire  helix 
(Fig.  432)  are  secured,  is  made  of  a  non-conducting  substance. 

If  we  bring  a  magnetic  bar  to  the  helices  we  have  been 
considering,  we  may  observe  phenomena  perfectly  similar  tn  those 
exhibited  on  bringing  a  magnetic  bar  near  a  needle  of  deelinatiou. 
In  fact  all  the  apparatus  hitherto  described  will,  as  we  may 
oonjecturc,  be  affected  by  magnetic  bars. 

Rficiprocol  action  of  gahanie  currentg  on  each  other. — Two 
parallel  currents  always  exercise  an  action  on  oich  other,  which  is 
more  or  less  energetic  according  to  their  rlistance,  intensity  and 
length.  If  wo  consider  the  direction  of  the  motion  produced,  we 
shall  Hnd  it  to  be  subjected  to  the  following  simple  lawj  two 
parallel  currents  attract  each  other  if  they  mote  in  the  same  direction, 
but  repel  each  other  if  their  directions  be  opposite. 

The  alwve  statement  may  be  proved  by  the  following  apparatus : 
abcdef  it  a  rectangular  figure  formed  of  copper  wire,  and 
suspended  in  the  mercury  cups  x  and  y.  The  current  ascends 
through  the  column  /,  traverses  the  wire  figure  in  the  direction  of 
the  arrows,  and  descends  into  the  column  r.  The  currrnt  in  the 
column  /,  follows  the  same  direction  as  that  in  the  piece  of  wire 
d  e ;  the  same  is  the  case  with  respect  to  the  current  in  &  r  and  v. 
If  we  remove  the  rectangular  figure  from  the  position  represcntisd 
in  Fig.  438,  it  wUl  always  return  to  the  same,  owing  to  if  «  being 
attracted  by  /,  and  b  ehy  v. 
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auspcniled  in  Pig.  431,  the  current  in  the  wire  will  have  an  oppo- 
site direction  frtim  that  ^iti  the  succeeding  column,  and  we  thttl 
observe  a  repulsion  ;  parallel  opposile  currents,  thereforef  repel  taeh 
other. 

We  call  such  currents  as  are  not  parallel,  cross  currents^  wh 
they  lie  in  the  same  plane,  and  their  directions  intersect  each  ot 
or  whether  they  are  in  different  planes,  and  do  not  intersect 
other.  In  the  first  case,  the  cro^Wn^  |>oint  ts  the  point  in  which  Ihrv 
intersect  each  other;  in  the  second,  it  is  a  point  of  the  shortoit 
distance  of  both  currents.  T\v(i  cross  currents  always  strive  tc 
range  themselves  parallel  to  each  other ^  in  order  to  move  in  the  aame 
direction ;  or  in  other  words :  attraction  takes  place  between  the 
ports  of  a  current  and  those  which  approach  the  crossift//  point,  and 
then  again  J  between  those  going  from  the  crossing  point.  Repulsion 
ocatrs  between  a  current  moving  towards  the  crossing  point,  and 
another  moxnng  away  from  the  same  point. 

Iff  for  instance,  a  b  and  c  d  (Fig.  435)  are  two  curreuta,  wbo)Q 
no.  436.  no.  437. 


no.  436. 
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crossing  point  is  r,  attraction   will  take  place  !>ctwccn  the  part* 
a  r  and  c  r,  in  which  the  current  that  passes  towards  the  crosainff 
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point,  and  between  the  part*  r  b  and  r  rf,  in  which  it  goca  from  the 
crossing  point.  Bcpnlsiou  takes  phtee  between  a  r  and  r  </,  and 
further  between  c  r  and  r  A. 

The  a])pftratus  of  whicb  a  diagonal  section  is  rejiresented  m 
Fig.  436,  and  on  outline  in  Fig.  487,  serve  to  prove  tliis  proposi- 
tion. Two  seini-circular  channels,  divided  by  insulated  partition 
walls  a  and  6,  are  inserted  in  a  plate  of  wood.  In  the  middle 
point  rittes  a  spike,  to  which  is  attached  an  easily  moWng  co]>|>cr 
needle  c  d,  the  extremities  of  which  are  of  iron  and  dip  into 
the  mercury  of  the  channel.  Somewhat  below  this  needle  there 
is  another^  e  fj  the  extremities  of  which  ure  likewise  dipped  into  the 
mercury,  and  may  be  moved  by  the  hand.  The  current  which 
enters  at  x  passes  into  the  one  channel,  and  then  through  the  two 
needles  into  the  (ither,  and  passes  out  at  y. 

The  repulsion  is  exhibited  on  placing  the  needles  in  the  position 
indicated  by  Pig.  437,  and  the  attraction  on  bringing  them  into 
such  a  position,  that  the  angle  e  r  d  may  be  less  than  a  right  angle. 

Amph-e'a  Theory  of  Magnetism, — The  principle  of  this  theory 
consists  iu  considering  each  molecule  of  a  magnet  surrounded  as  it 
were  by  a  current,  always  circulating  about  it  and  returning  upon  its 
own  course,  which  may  for  the  sake  of  simplicity  be  regarded  as 
circular.  We  must,  therefore,  according  to  this  theory,  regard 
e>'ery  section  at  right  angles  to  the  axis  of  the  magnet  to  be  some- 
what similar  to  what  we  have  attempted  to  delint^ate  in  Fig.  438. 
Instead  of  taking  into  account  all  the  elementary  currents  of  each 
diagonal  section,  we  may  suppose  the  latter  to  be  encircled  by  one 
single  current,  which  is  as  it  were  the  resultant  of  all  the 
elementary  currents  of  the    diagonal  scctionj  and   consequently 
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no.  439. 


we  may  regard  a  magnetic  Iwr  as  a  system  of  parallelly  closed 
currents,  somewhat  in  the  manner  shown  in  Fig.  t30. 

What  we  have  said  here  of  a  magnetic  rod  applies  equally  to  a 
magnetic  needle,  and,  in  short,  to  every  magnet,  let  its  form  be 
what  it  may. 

Let  us  8up)x>sc  a  wire  helix  extending  from  m,  Fig.  440,  to 
either  side,  and  traversed  by  the  current  in  the  direction  of  the 

e  t 
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arrows ;  if  further  we  assume  this  tel 
through  at  m,  and  the  two  parts  sepj 
it  follows  from  our  detiDition  that  there  1 
a  south  pole  at  a  and  a  north  pole  at  b, . 
turning  to  the  pole  at  n,  we  shall  hal 
ascending  current  to  our  right,  while  on 
ing  to  the  pole  at  b,  wc  here  have  it  to  o« 
If  we  cut  a  wire  helix  at  right  angle* 
axis,  two  contrary  polca  will  he  formed,  i 
as  on  breaking  a  magnet. 

Further  it  is  clear,  that  the  contrary 

a  and  b  attract  each  other,  for  on  lookinj 

at  the  end  circle,  we  sec  that  the  currc^ 

directed  parallelly  and  similarly,  and  the 

^^  *=     is  the  case  with  respect  to  all  the  other  C 

The  heat   way  to  give  an  illustration  of  the  attractioi 

repulsion  of  the  poles  in  different  positions  of  the  magnetj 

respect   to  each  other,    is  by   drawing   arrows   upon   wood 

pa.stcbord   cylinders    from    1    to    1^5   foot   in   Icng^th,    and; 

2  to  3  inches  in  diameter,  as  seen  in  Fig.  439,  which  rep« 

the  direction  of  the  currents;  further  we  may,  in  like  mi 

mark  on  both  cylinders   the  similar  poles,  designating  the, 

pole  as  +,  for  instance,  and  the  south  pole  as  — .     By  thi 

of  two  such  models  we  uiuy  easily  show  how  siDiilar  polea  i 

repel,  and   contrary  poles   attract   each  other,    and    in    wtl 

manner  we  bring  them  near  one  another.  \ 

According  to  this  hypothesis,  the  magnetism  of  the  earlj 

depends  upon  such  currents,   moving  in  the  crust  of  the 

parallel  with  the  magnetic  equator.  ^J 

Rotation    of    moveable    currents    and    maffneis. — Ije!a^| 

Pig.  't'l-l,  be  the  horizontal  section  of  a  magnet   standing 

vertical  position,    and  a  vertical  current  appearing  foreahoi 

at  the  point  8,  and  which  we  will  assume  to  he   auccndinj 

no.  441.      which  is  capable  of  rotating  round  the  vertical  i 

„  the  magnet ;    it  will  then  be  evident  from  the 

j^^^L      developed   principles,   that  the  portion   a  6   fl 

HjHf^    magnetic    current    will    re{>el    the   current    «, 

f  it  will   be  attracted  by  b  c,  the  current  s  muat  i 

quently  rotate  in  the  direction  of  the  current    in    the   m 

If  the  current  t  were  descending,  the   rotatory  direction  ' 

be   reversed ;    in    like   manner,  of  course   the   inversic 
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magnetic  poles  will  occasion  the  rotation  to  assume  an  inverse 

direction. 

A    rotation    of  thia  kind  may  be  effected    by  means   of  the 

apparatus  seen  in  442.     To  a  vertical  staff  /  is  attached  a  move* 
no.  442.  ^'>Ic    horizontal    Htaff    <7,    in    such    a 

manner  that  it  may  be  moved  to 
any  height  wc  plcasCi  by  means  of 
a  screw.  This  horizontal  staff  is 
provided  with  a  brass  ring^  to  which 
is  attached  a  circular  wooden  channel 
for  holding  merruiy.  In  the  brass 
ring  diere  is  a  cork  disc,  through 
tfae  middle  of  which  passes  a  vertical 
magnetic  bar,  having  at  the  top  a 
joint  with  a  steel  cup  screwed  on  it. 
This  cup  has  a  tine  point  in  its 
centre,  supporting  a  copper  band  b, 
which  is  curved  at  ei&er  side,  in 
such  a  manner  that  its  lower  ends, 
with  their  platinum  points,  dip 
into  the  mercury.  In  the  middle 
nf  the  copper  band  is  a  mercury 
cup  p.  On  the  one  polar  wire  of  the 
chaiu  being  immersed  in  the  cap  p, 
and   the   other    in   the  channel,  the 

current  passes  through  the  two  arms  of  the  copper  band,  which 

then  begins  to  rotate.     The  artion  of  the  magnet  on  the  current 

in  the  one  arm  of  the  band  ia  sustained  by  the  action  which  the 

magnet  produces  on  the  current  in  the  other  arm. 

We  may  similarly  produce  the  rotation  of  a  moveable  magnet 

round  a  Hxcd  current,  and  the  rotation  of  a  movmg  current  round 

a  fixed  magnet ;    and   the  apparatus    serriog  for   this    purpose 

have  been  constructed  in  a  variety  of  ways. 
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CHAPTER    II. 


PHENOMENA    07    IKDUCTION. 


An  electric  current  is  able  to  engender  like  electric  cnrrents  | 
another  contiguous  conductor  at  the  moment  of  its  ori^n  or  fl 
cessation,  and  also  by  mere  approximation  or  distance. 

These  phenomena  were  discovered  by  Faraday  in  the  yei 
1838,  and  deserve  the  greatest  attention,  both  owing  to  thd 
theoretical  importance,  and  to  the  numerous  facts  thnt  can  ll 
derived  from  this  principle.  These  new  currents  produced  i 
conductors  by  the  distributing  action  of  other  currents^  « 
termed  Induction  currents.  They  might  also  be  called  temporwr 
currents,  as  they  last  but  a  moment.  If  wc  were  to  name  thd 
according  to  their  origin,  as  has  been  done  in  the  case  of  tij 
thermo-electric  and  the  hydro-electric  currents  we  might  give  thci 
the  appellation  of  mayjieto-electric,  or  electro-electric^  since  the 
are  either  engendered  by  maj^etism  or  electricity.  We  wi| 
however,  once  for  all,  abide  by  the  term  Induction  currents,  whid 
has  also  been  adopted  by  the  majority  of  natural  philosophers. 

Action   of  an   electric  current   on  a  conducting  circuit    witH 
itself. — ^Two   copper   wires   covered   with   silk   thread   are   wounl 
upon    a    reel    of   wood    or   metal    in    the    way   exhibited    i 
Fig.  443.     The  one  wire   runs   beside   the   other  without   thei 
no.  443.  being  any  communication   bctweei 

them;  if,  therefore,  we  close  > 
galvanic  circuit  with  one  win 
while  we  place  its  two  ends  i 
and  b  in  connection  ivith  its  pold 
the  current  will  circulate  throng 
'*  that  wire  without  passing  into  til 
other.  In  this  other  wire,  however,  a  current  in  an  oppotii 
direction  is  produced  by  the  inductive  action  of  this  current 
provided  the  ends  c  and  d  of  this  second  wire  arc  in  connectiod 
which  may  be  effected  by  means  of  a  multiplicator,  on  bringing: 
into  communication  with  the  end  of  one  of  the  wures  of  the  lattci 
and  d  with  the  end  of  the  other  wire.  At  the  moment  in  whid 
we  close  the  galvanic  circuit  with  the  ivst  wirci  the  deviation  I 
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the  needle  of  the  multiplicator  indicates  a  current  in  the  adjoining 
wire;  supposing  the  positive  current  to  pass  in  the  main  wire 
from  a  to  b,  the  multiplicator  uiaiiiiests  that  there  is  a  current  in 
the  contiguous  wire  travcrsiug  it  in  a  direction  from  d  to  c. 

This  current  in  the  adjoining  wire  ia  not,  however,  lasting,  for 
the  needle  of  the  multiplicator  returns  immediately  to  aero  on 
the  graduated  Hnc;  as  soon  as  the  principal  current  is  iuter- 
nipted,  the  needle  of  the  galvanometer  turns  in  the  opposite 
direction,  it,  therefore,  indicates  n  current  passing  through  the 
neighbouring  wire  in  the  direction  from  c  to  d,  consequently,  in 
the  same  direction  in  which  the  interrupted  current  had  moved. 

An  electric  current  may  therefore  induce  currents  in  a  con- 
tiguous wire  both  at  the  moment  of  its  origin  and  of  its  cessation. 
The  current  induced  by  the  closing  of  the  circuit  has  the  opposite 
direction  to  the  one  induced  by  the  interruption  of  the  circuit, 
and  is  in  the  same  direction  as  the  principal  current. 

In  the  above  adduced  experiments,  the  current  in  the  principal 
wire  induced  a  current  in  the  other  wire  both  at  the  moment  of  its 
origin  and  of  its  cessation ;  we  might,  therefore,  conjecture  that 
these  actions  were  produced  by  some  modifications  accompanying 
the  beginning  and  ending  of  the  current.  To  remove  all 
doubt  on  the  subject,  Faraday  has  proved  by  experiment,  that 
exactly  the  same  restdts  arc  obtained  on  bringing  a  conducting 
wire  that  is  traversed  by  a  current,  consequently,  the  wire  from 
which  the  inducing  action  proceeds  nearer  to,  or  further  from 
the  wire  in  which  we  wish  to  induce  a  current. 

If  therefore  we  say,  that  the  action  of  a  current  on  a  closed 
conductor  begins,  we  either  undpjstand  thereby  that  the  inducing 
current  itself  begins,  or  that  it  is  already  on  its  course,  and 
brought  near  to  the  closed  conductor.  In  these  two  cases  the 
actioiiK  are  precisely  similar.  If  we  say  that  the  action  of  a 
cturent  on  a  closed  conductor  stops,  it  means,  that  the  inducing 
current  itself  either  ceasesi  or  is  removed  firom  the  closed  con- 
ductor. 

Currents  of  induction  produce  all  the  actions  of  ordinary 
currents,  as,  for  instance,  shocks  and  sparks.  On  bringing  the 
ends  of  the  wires  e  d  close  t(^cther,  we  see  a  spark  pass  over, 
if  the  circuit  be  closed  by  the  ends  a  and  h  of  the  inducing  wire. 
If  we  seize  the  wire  end  c  in  one  hand,  and  d  in  the  other,  (the 
hands  roust  be  somewhat  moistened  for  making  the  experiment), 
we  shall  feel,  on  the  opening  and  closing  of  the  principal  current  a 
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shock,  the  riolence  of  which  will  depend  upon  the  length 
coiled  wire. 

Very  violent  actiona  may  be  produced  on  the  nervca  by  the 
above  described  double  apirul  apparatus,  for  if  the  encircling  wire 
be  of  considerable  length,  the  intensity  of  the  inductive  currents 
will  be  incomparably  stronger  than  those  of  the  current  yielded  by 
the  galvanic  circuit  commonly  used.  A  simple  galvanic  circuit,  or 
even  a  battery  of  4,  6,  or  even  12  pairs  gives  no  shucks  by  itdct^ 
but  if  we  close  a  circuit  of  a  few  or  only  one  pair,  with  the  ends 
of  the  inducing  wire  wc  shall  obtain  a  powerful  shock  at 
wire. 

An  induction  spiral  changes,  therefore,  in  some  degree  i 
electric  quantity  of  a  current  yielded  by  one  or  more  pair 
large  superficies  into  a  current  of  great  intensity ;  an  apparatus  of 
this  kind  affords,  therefore,  an  excellent  means  of  producing 
phyHiological  effects,  if  care  be  taken  alternately  to  close  and  open 
the  circuit  in  rapid  succession.  Many  very  ingenious  contrivance* 
have  been  proposed  for  effecting  this  purpose. 

Action  of  the  windings  on  each  other. — If  we  close  «  simpk 
circuit  by  a  short  wire,  we  shall  obtain  only  a  faint  spark  on  again 
opening  it,  and  no  shock ;  but  if  we  use  a  very  long  wire  tntntcid 
of  the  short  one,  we  shall  see  a  much  stronger  spark  on  o{K*nii^ 
the  circuit,  and  if  we  hold  one  end  of  the  wire  in  one  hand,  aad 
the  other  in  the  opposite  hand,  we  shall  perceive  a  shock  at  the 
moment  of  opening  the  circuit.  These  actions  are  very  much 
strengthened  by  winding  the  wire  as  closely  as  possible,  and  here 
it  is  of  coarse  necessary  to  cover  the  wire  with  silk,  in  order  to 
prevent  the  current  passing  laterally  from  one  winding  to 
another.  ^H 

This  action  of  long  spiral  wires  may  be  well  shown   by  meuP^ 
of  a  simple  spiral.  Fig.  444,  it  being  only  necessary  to  plunge  the 

wia  4-14  *^*^  *^°^^    "*  ^^^   "   *"^°   ^'^*^   mercury   cups 

forming  the  pules  of  a  galvanic  circuit,  and  on 

withdrawing  the  ends  of  the  wires  we  ahall  see 

a   brighter   spark   and   feel   the  shock.       On 

^^^^^^^   sufferiug  these  shocks  to  pass  in  rapid  succcs- 

0mm^^^^^^    sion  through  the  body,  violent  actions  on  the 

'''  nerves  may  be  induced. 

As  to  what  relates  to  the  explanation  of  these  phenomena, 

shall  easily   comj>rehcnd  thi»t  they  must  stand   in   a  very   cl 

relation  to  the  induction  phenomena  before  described. 
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ascribes  these  effects  to  an  inductive  notion  reciprocally  exercised 
on  each  other  by  the  convolutions  of  one  and  ihc  sanie  spiml^  and 
cbIU  this  current  of  induction  an  extra-euntnt.  \i  arises  at  the 
tiionieiit  of  the  opening  and  closing  of  the  circuit. 

Induction  of  eUctrxc  currents  by  magnets. — A  metal  wire 
encircled  with  8ilk  must  be  wound  over  a  wooden  or  metal  rod, 
the  inner  openin*|;  of  which  is  sufficiently  large  to  admit  of  the 
insertion  of  a  magnet.  The  two  cuds  m  and  n  of  the  wire  must  be 
jiut  into  couuuuuication  with  the  two  ends  of  the  multiplicator  wire 
of  a  galvanometer,  sufficiently  far  n^moved  to  prevent  the  magnet 
from  causing  the  needle  of  the  instrument  to  deviate.  At  the  moment 
in  which  the  magnet  is  inserted  into  the  helix,  we  shall  observe 
a  delation  of  the  galvanometer  needle,  which,  however,  will  aoon 
return  to  the  point  0  of  the   graduated  divi- 

^.-^=^         sion,    moving    away    again    in    au    opposite 
j^^S        direction   on    withdrawing   the  magnet    from 
I'*  I        ^^'*^  helix.     The  direction  of  the  current  indi- 
■    H        cated  by  the  galvanometer  on  the  approxiuia* 
B<»B       tion  of  the  magnet  is  opposite  to  that  of  the 
^^h^|Bs  currents,  which,  according  to  Atnpere's  theory 
^^^^^SM  circidatc    about    the    magnet ;    the     current 
^^^^^^^^^^P  induced  in   the  wire  on  the  removal  of  the 
JJ  — .^^^^^^^^   magnet     has     the    same   direction    as    these 
**'  currents. 

By  this  expcrimoat  an  action  is  produced  on  the  closed  wire 
coils  on  the  approximation  or  removal  of  the  magnet ;  but  this 
magnetic  action  may  begin  and  cease  in  a  different  manner; 
it  may,  for  instance,  begin  at  the  moment  in  which  the  magnetic 
fiuida  in  the  iron  arc  decomposed,  and  cease  when  it  returns  to 
the  non-magnetic  condition.  This  may  be  shown  in  the  following 
manner. 

In  Fig.  446  a  A  is  a  strong  horsc-shoc  magnet,  m  c  n  %  piece  of 
soft  iron,  likewise  Ixmt  in  the  form  of  a 
horsc-shoc,  and  having  its  limbs  enclosed 
by  the  coils  of  one  long  wire  coverad 
with  silk.  The  direction  of  the  coils  on 
both  limbs  must  be  such,  that  on  the 
current  paitsing  through  the  wire,  the  two 
limbs  may  form  opposite  poles.  The  two 
cndM  of  the  wire  are  connected  together  at 
a  sufficient  distance  from  the  iron  and  the 
magnet,  and  n  simple  magnetic  needle,  above 


no.  446. 
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or  below  which  the  wire  is  conducted,  is  at  once  made  to  dc 
the  induced  current.  If  we  rnpidly  brinjr  llie  mnptiet  a  b  to  i 
hinbs  m  n,  the  needle  will  indicate  the  presence  of  a  current,  haW 
an  opposite  direction  to  that  which,  according  to  Amprrt^B  iheQI 
circulates  round  the  iron  that  has  now  been  converted  inU^ 
magnet.  On  the  removal  of  the  mo^ct  a  b,  the  induced  currt 
takes  the  same  direction  as  the  one  now  ceasing  in 
iron. 

We  may  easily  show  that  this  current  induced  in  the  wire  is 
the  direct  action  of  the  ma^ctic  poles  of  the  approximated  uiagni 
for  this  cuiTeut  attains  such  intensity,  that  if  even  the  two  endli 
the  wire  are  not  in  perfect  contact,  but  at  some  little  distance  frfl 
each  other,  a  vivid  spark  will  pass  over,  as  well  when  the  magd 
is  rapidly  approximated,  as  when  it  is  removed.  Thia  eleetl 
s]iark  is  evidently  produced  by  mag;netic  actions.  Ou  taking  oi 
end  of  the  wire  in  each  hand,  we  experience  on  the  appruximati^ 
and  removal  of  the  magnet  a  shock,  which,  provided  the  magfl 
be  sufficiently  powerftd,  will  be  like  the  shock  of  a  small  Leydi 
jar. 

Currents  may  even  be  induced  by  terrestrial  magnetism.  If  % 
hold  a  rod  of  soft  iron,  encircled  by  a  wire  helix,  in  the  directii 
of  the  needle  (»f  inclination,  and  then  suddenly  invert  it^  so  tfat 
its  upper  part  shall  incline  downward,  and  vict  verad,  a  current  wj 
be  induced  in  the  wire  helix. 

If  the  inner  horse-shoe  of  the  apparatus,  seen  in  Pig.  4^ 
rotate  under  the  circumstances  indicated  in  the  experiment  adduced 
currents  must  be  induced  in  the  windings  of  the  wire  on  tli 
approximation  of  the  Umbs  of  the  inner  horsc-fOioe  towards  thoa 
of  the  external  iron,  these  currents  will  b4;,  according  to  the  abo« 
developed  principles,  opposite  to  those  occasioned  by  the  rotatioo 
the  currents,  inducetl  by  rotation,  must  necessarily  weaken  the  forfl 
with  which  the  limbs  of  the  two  horse-shoca  attract  and  repel  ead 
other ;  and  thus  these  currents  of  induction  cause  the  mechanica 
effect  produced  by  sneh  apparatus  of  rotation  to  be  nmch  less  conaidfl 
nible  than  one  might  be  led  to  expect,  judging  from  the  force  a 
magnetism  that  may  be  im|»arted  to  a  piece  of  soft  iron 
galvanic  current. 

Magneto-eUctric  mackineg  of  rotation. — If  we  suppose  the  eni 
the  inductive-spirals,  which  arc  at  the  poles  of  the  core  of  a  horse 
shoe  formed  of  a  piece  of  soft  iron,  (as  have  been  considered  at  pa« 
•123)  to  be  in  connection  with  each  other,  and  then  that  this  aol 
iron  revolves  rapidly  about  a  vertical  axis,  so  that  the 
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whicli  iH  itniucdiately  above  a,  uftcr  half  a  revuliition,  stands 
above  b,  there  will  then  be  a  cnrrent  induced  in  the  convolutions 
of  the  wire,  m  recedes  from  a,  and  n  from  b ;  this  current 
will  now  continue  with  varying  strength,  but  with  uuv&rii'ing 
dirtction  dunn>;  half  a  revolution,  that  is,  while  m  turns  from 
a  to  b,  and  n  from  b  to  a ;  u  aoon,  however,  as  the  secoud 
rotation  begins,  the  direction  of  the  current  will  ehangc,  and 
will  again  change  after  the  completion  of  a  whole  rotation ; 
if,  therefore,  the  soft  iron  nHate  rapidly  witJi  its  wire  convolu- 
tions, the  latter  will  be  constantly  traversed  by  alteniatiug 
currents,  passing  into  each  other  every  time  the  poles  of  the  soft 
iron  stand  over  the  poles  of  (he  magnet.  Tliat  the  direction  of  the 
currents  actually  chang«-s  in  the  way  indicated,  is  easily  seen  from 
the  rules  given  concerning  the  direction  of  the  induced  currents, 
for  as  a  and  b  are  opposite  poles,  the  removal  of  n  must  induce  a 
current  in  the  same  direction  as  an  ap|>roxinmtion  towards  the 
pole  A. 

la  order  to  be  able  conveniently  to  make  experiments  on  the 

no.  iiJ. 


eiuTcntfi  induced  by  magnets,  machines   have  been   constructed 
according  to  the  abiwc  indicated  principles,  which  bear  the  name  of 
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magneto-electric  machines  of  rotation.      Fig.  447  represents  one  of 

these.  The  inductive  spirals,  A  and  B,  are  wound  round  two 
cylinders  of  Hoft  iron,  secured  to  the  two  ends  of  n  horizontal  iron 
platc^  the  centre  of  which  is  on  a  vertical  iron  axisj  as  may  be  seen 
in  Fig.  448.  The  manner  in  which  the  rotation 
of  this  vertical  iron  axis  is  effected,  is  made  appa- 
rent in  Fig.  447,  and  needs  no  further  explanation. 
During  the  rotation  the  two  iron  cores  pass  under  the 
yCjS  poles  nf  several  jiowerful  horse-fthoe  magnets,  laid 

/^IliV  horizontally  over  each  other,   and    each    iron  con; 

of  the  horse-shoe  is  thus  alternately  converted  into 
a  north  and  a  south  pole. 

The  convolutions  around  both  iron  cores  arc  of  course  ibmicd 
only  by  one  very  loug  piece  of  wire.  The  one  end  is  fastened  by 
means  of  a  screw  to  an  iron  ring  (f  protected  by  some  insulating 
substance,  solid  wood  or  iron,  from  contact  with  the  iron  axift  of 
rotation,  as  seen  in  Fi^.  449.  The  opposite  end  of  the  wire  is 
in  like  manner  screwed  upon  the  iron  plate  which  sup]K>rts 
two  cores ;  it  is,  consequently,  m  contact  with  the  whole  iron  axis 
of  rotation. 

On  this  iron  axis  an  iron  cylinder  A  is  immediately  secured, 

which  we   will   at    oucc  consider.      As    the    inm  ring    y    is    io 

no.  449.     communication  with  one  end  of  the  wire,  and  the  iron 

xcoK^^    cylinder  h  with  the  other,   wc  may  regard  y  and   A  «s 

^9^B^      the    ends   themselves;    the   inductive   spiral    will    be 

closed  on  bringing  g  and  A  into  connecting  commuai- 

cation  with  each  other ;  on  this  being  done  the  current  of  induction 

will  circulate  in  tlie  wire  coils,  and   the  whole  system   be  made 

to   rotate.     For   the    sake   of    simplifying   the   matter,    wc   will 

designate  the  whole  rotating  syatcm  by  the  name  of  Inductor, 

We  have  still  to  consider  the  iron  r)'lindcr  A,  which  consists  of 
three  divisions  lying  over  one  another,  and  of  which  only  the 
middle  one  has  a  perfectly  unbroken  circumference.  At  the  upper 
parts  are  two  channel-like  depressions  diametrically  opposite  to 
each  other,  while  at  the  lower  end  of  A  a  part  is  cut  away, 
which  takes  off  abont  half  the  circumfercuce,  as  may  be  clearly 
in  our  Figure. 

On  cither  side  of  the  axis  of  rotation  is  a  small  brass  colmmi 
with  several  apertures,  in  which  nietHltic  sprhigs  may  be  inserted, 
and  the  circuit  be  thus  closed  in  various  ways. 

Our  Figure  represents  the  machine  as  it  must  be  arnLuirtJ, 
in  order  to  produce  poweri'ul  physiological  actions.     In  the  upper- 


ROTATIOW. 


moirt  aperture  of  the  column  to  the  right,  a  spring  is  screwed  on 
which  constantly  presses  upon  the  iron  ring  g  during  the 
rotation  of  the  inductor;  but  the  ttecl  spring  in  the  next 
aperture  closes  upon  the  upper  part  of  the  iron  cylinder  A, 
and  in  this  manner  the  circoit  is  closed ;  while,  as  often  a^  the 
end  of  the  steel  wire  pauea  over  one  of  the  channel-like  dcprc»- 
iiions,  the  connection  ia  interrupted.  This  interruption  occurs 
exactly  when  the  poles  of  the  inductors  have  been  removed  from 
over  the  magnetic  poles.  There  exists,  however,  another  connec- 
tion between  the  iron  ring  g  and  the  cylinder  A,  into  which  the 
human  body  may  be  brought.  A  brass  spring,  constantly  pressing 
upon  the  middle  part  of  the  cylinder  A,  is  screwed  into  the  left 
side  of  the  brass  pillar ;  by  which  means  the  small  brass  pillar  to 
the  left  is  connected  with  A,  as  y  is  with  the  pillar  to  the  right. 
A  metallic  conductor  L  is  in  connecting  contact  with  the  pillar  to 
the  left,  and  the  conductor  R  with  the  pillar  to  the  right ;  as 
often,  therefore,  as  the  current  there  is  interrupttxl  by  the  sliding 
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current  (which  hitherto  has  passed  directly  from  k  through 
steel  spring  to  the  right  hand  pillar)  now  passes  by  a  circuitow 
course,  first  to  the  left  pillar,  from  this  to  the  conductor  L,  through 
the  human  hody  to  /?,  and  then  finally  to  the  pillar  at  the  right. 
On  turning  the  machine  rapidly,  the  shocks  of  disjunction  will 
succeed  each  other  so  violently  that  it  will  scarcely  be  possible  to 
endure  the  effect.  If  we  wish  to  weaken  the  intensity  of  the 
shocks,  it  is  only  necessary  to  turn  the  machine  more  slowly,  or  to 
connect  both  poles  of  the  inducing  magnets,  by  means  of  no 
armature  of  soft  iron. 


PART    V. 


P 


THERMO-ELECTRIC    CUBRENT8   AND   ANIMAL    ELECTRICITY.* 

If  two  metallic  bars  be  so  soldered  together  that  they  compose 
a  closed  circuit  of  any  form  wc  choose  to  give  them,  a  more  or  leas 
intense  current  will  be  produced  as  often  as  the  temperature  varies 
at  the  two  places  of  junction,  the  current  continuing  as  long  as  this 
difference  of  temperature  is  maintained. 

This  may  be  shown  for  a  special  case  with  the  apparatus  in 
Fig.  451.     «  ^  is  a  piece  of  bismuth,   »  <r  »'   a  band    of  copper 
no.  451.  soldered  on  the  ends  of  the  bismuth  bars  ;    a  6  is 

r  ft  magnetic  needle,  moveable  freely  on  a  point.    If 

the  two  places  of  junction  have  the  same  tempera- 
ture as  the  surrounding  air,  the  apparatus  must  be 
so  placed  that  the  plane  »  c  s'  may  coincide  with 
the  plane  of  the  magnetic  meredian,  and  that,  con- 
sequently, the  needle  may  stand  parallel  with  the 
axis  and  the  longer  sides  of  the  bismuth  bar.  As 
soon  now  as  one  of  the  joining-places,  s,  for  instance,  is  heated, 
the  needle  will  experience  a  more  or  less  strongly  marked  devia- 
tion ;  but  if  this  spot  b  be  cooled  below  the  temperature  of  th« 
surrouuding  air,  we  shall  observe  a  deviation  in  the  oppoaite 
direction. 

These  deviations  of  the  needle,  first  to  the  one  side  and  then  to 
the  other,  evidently  indicate  the  presence  of  an  electric  cnrrenty 
traversing  the  apparatus  in  a  definite  direction,  if  the  spot  «  be 
warmer  than  s' ;  but  in  an  opposite  one  if  9  be  cooler  than  s", 

*  Profe»sor  T.  Thotnton'i  "  Uetl  uid  Etectricity,"  Svo.  2iid  ediUoa,  London,  1S40. 
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All  metals  do  not  )neld  the  same  marked  results  as  bismuth 
and  copper;    and  in  such  cases  we  must  use  a  system  of  two 
needles,  as  seen  in  Fig.  452^  instead  of  one.     The  upper  band  s  c  ^ 
no.  4S2.        has  an  opening  in  the  middle,  to  admit  of  the  pas- 
sage of  the  connecting  piece  between  the  two  needles, 
while  the  point,  however,  on  which  the  system  of  the 
two  needles  plays,  passes  to  the  upper  needle. 

It  is  not  essential  to  have  an  especial  apparatus 
(as  seen  in  Fig.  ^2)  for  making  the  fundamental 
experiments  on  thermo-electric  currents,  since  we 
may  use  any  delicately  suspended  compass  needle 
destined  for  this  purpose,  somewhat  like  that  delineated  in  Fig.  453. 
rro.  453.  wig.  454.  Hero  we  have  an 

elongated  paralle* 
logram.  Fig.  454, 

'^'Vi  fl^      ^    ^^^    thermo- 

electric element, 
composed  of  bis- 
muth and  anti- 
mony.  In  our 
figure  the  lightly  shaded  half  de- 
signates the  former,  and  the  darkly 
shaded  half  the  latter  constituent. 
The  two  mctaU  are  soldered  to- 
gether at  »  and  y.  In  order  to 
make  this  experiment,  we  must 
carefully  warm,  over  a  small  spirit  himp,  the  one  soldered  junction, 
and  then  hold  one  of  the  longer  sides  of  the  tigure  over  the  mag- 
netic needle,  which  must  then  be  in  its  usual  position.  We  must 
remark  here,  that  Fig.  454  '\»  delineated  rin  a  somewhat  smaller 
scale  than  453 ;  since  the  parsUclograni  of  bismuth  and  antimony 
ought  to  be  so  large,  that  each  of  its  longer  aides  may  be  at  least 
of  equal  length  with  the  magnetic  needle. 

Simple  themio-eleetric  circuits  are  often  made  in  the  manner 
represented  in  Fig.  456 ;  a  6  is  a  small  bar  of  antimony  or  bis- 
muth, at  both  sides  of  which  a  copper  wire 
a  e  d  c  i^  soldered.  To  make  this  experi- 
ment, we  must  warm  the  one  soldered  join- 
ing cither  at  a  or  £,  and  hold  the  piece  of 
wire  c  d  over  the  needle. 
The  investigations  that  have  been  made  as  to  the  mutual  rcla- 
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tion  of  different  metals,  with  respect  to  the  excitement  of  thermo- 
electric currents,  have  shown  that  the  mctala  admit  of  being  ran^ 
in  one  series,  which  has  this  property,  that,  on  forming  &  ciri 
of  every  two  mctala,  and  heating  the  place  of  coutact  of  the  two, 
the    4-   current  at  thift   spot  will  pass  from  the   metal   standio] 
immediately  helow  it  to  the  one  above. 

Antimony  Tin 

Arsenic  Silver 

Iron  Man^neae 

Zinc  Cobalt 

Gold  Palladium 

Copper  Platinum 

BruKs  Nickel 

Rhodium  Mercury 

Lead  Bismuth 

Thus,  in  the  apparatus  Fig.  451,  the  current  will  pass  in  the 
direction  from  s  over  c  to  *',  and  then  back  to  s  on   heating  the 
soldered  part  at  t.    At  this  point  »,  therefore,  the  next   body 
standing  higher,  viz.  copper,  is  positive  with  respect  to  the  lower 
one,  bismuth.     In  the  parallelogram.  Fig.  45-1*,  the  positive  current       i 
circuletcfi  in  the  direction  of  the  arrow,  if  the  spot  at  s  is  warmer.  ^U 
Thermo-electric  Piles. — As  in  the  case  of  Volta'a  piles,   so  we^^ 
may  also  here  combine  many  thermo-electric  elements   to   form 
thermo-electric  piles,  capable  of  giving  a  .ciurent  if  the  soldered 
parts  1,  3,  5,  &c.,  be  warmed,  while  the  intervening  points  remain 
cold. 

Thermo-electric  piles  of  this  kind  may  serve,  in  connection  with 
multiplicators,  to  make  the  slightest  difference  of  temperature  J 
manifest.  Amongst  all  those  constmctcd  for  this  piu-pose,  the 
apparatus  proposed  by  Mobile  is  undeniably  the  most  ingemoiu 
and  the  most  sensitive.  Fig.  456  represents  an  apparatus  of  iJiis 
no.  456.  kind.     It  is  composed  of  from  25  to  30  very 

fine  needles  of  bismuth  and  antimony,  which 
are  about  4  or  5  centimetres  in  length.  They 
arc  fto  soldered  together,  see  Fig.  457,  that  all 
the  even  soldered  joinings  are  on  one  side,  and 
the  odd  joinings  on  the  other.  Tlie  whole  forma  ^j 
a  small,  compact,  solid  bundle,  owing  to  tfa|^| 
insulating  snbstanccs  with  which  the  intervals 
between  the  st^vcral  rods  are  filled ;  for  they 
muat  of  course  not  be  in  contact,  excepting  at 
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the  Boldere<l  joinings.  One  of  the  two  half  elements  in  which  the 
cireuit  terminatcii  is  iu  couuection  with  the  peg  x,  and  the  other 
with  the  prg  y  ;  x  aiid  y  form  in  this  manner  the  two  poles  of  the 
pile,  and  are  brought  into  communication  with  the  ends  of  the 
multiplicator  wire. 

If  the  soldered  points  on  the  one  side  expericnoe  the  slightest 
elevation  of  temperature,  the  multiplicator  needle  will  at  once 
deviate  from  the  magnetic  meridian. 

Animal  Electricity. — It  has  been  long  known  that  there  arc 
fishes  capable  of  imparting  electric  shocks ;  among  which  the  most 
remarkable  are  the  torpedo  and  the  electric  eel.  The  former 
is  met  with  in  the  Mediterranean  and  in  the  Atlantic  Ocean,  and 
the  latter  only  in  the  inland  pools  of  South  America. 

When  the  torpedo  is  out  of  water,  we  experience  a  shock  on 
touching  any  part  of  its  skin,  cither  with  the  finger  or  the  whole 
hand. 

Wc  may  in  like  manner  receive  a  shock  on  touching  the  fish 

with  a  good  conductor,  as  that  of  a  metal  rod  several  feet  in  length. 

The  shock  is  prevented  by  every  bad  conductor,  and  we  may 

riQ.  458.  consequently   seize   the   animal  with 

impunity  by  meana  of  a  glass  or  resin 

houk. 

The  back  of  the  animal  is  posi- 
tively, and  the  abdomen  negatively 
electric ;  the  electric  current  passing 
through  a  conducting  wire,  and  con- 
necting the  back  and  abdomen,  pro- 
duces all  the  actions  of  electric  cur- 
rents, although  only  in  a  modified 
form. 

The  organ  in  which  the  electricity 
is  developed  has,  in  the  difTcrent 
electric  fishes,  essentially  the  same 
texture  and  appearance,  although  its 
form,  sixe,  and  arrangement  differ. 
We  will  now  attempt  to  give  an  idea 
of  the  organ  of  the  torpedo, — the  fish 
which  has  been  moat  accurately  ex- 
amined. 
X<  Fig.  458  represents  a  torpedo  seen 

from  above,  opened  at  the  side  to  show  the  electric  organ.    This 
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of  the  head. 


no.  459. 
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passes  antcnorly  close  to  the  fore 
touching  the  skin  of  the  back  by  means  of  a  fibrous  lufnibraue,  and 
the  lower  surface  touching  that  of  the  abdomen ;  its  external  •ur- 
face  rests  upon  the  muscle  of  the  lat<.a'n]  fin,  and  the  inner  one  at 
the  principal  muscle  of  the  head  and  the  anterior  part  of  the  trunk. 
Seen  from  above  or  below,  the  electric  organ  exhibits  polygonal,  or 
roundieh  divisions  (Fig.  459) ;  but  from  a  lateral  point  of  view  it 

exhibits  parallel  stripes  or  bands,  as 
rici.  460.  seen  in  Fig.  460.  The  whole  organ 
consists  of  a  number  of  polygonal  or 
roundish  columns,  the  axis  of  which 
runa  in  a  direction  from  the  abd<v  i 
men  to  the  back.  The  marginal  edge 
of  each  column  forms  a  somewhat 
thick  tcndonous  membrane,  appearing  to  answer  the  same  purpose 
as  the  glass  plates  between  which  the  galvanic  pile  is  built  up. 
Bach  column  consists  of  a  number  of  fine  tenia;,  which  are  either 
plain,  or  euned,  and  are  separated  by  very  adliesivc  mucous  layers ; 
thus  these  colunms  afford  a  striking  resemblance  in  their  coa^_ 
struction  to  a  galvanic  pile.  ^H 

Tliere  are  generally  found  to  be  from  400  to  500  such  columns 
or  piles  on  cither  side  of  a  torpedo. 

In  the  electric  eel  (Fig.  461)  the  electric  organ  is  situated  in  its 

tail.  In  this  animal  the  anus  lies  so  far  forward,  that  ihr  tail  o^^ 
the  gj'mnotus  is  nearly  4^  times  as  long  as  the  body  and  head 
combined ;  and  here  the  electric  organ  extends  almost  the  whole 
length  of  the  tail  on  either  side  of  and  under  it,  so  that  the  electric 
apparatus  of  the  animal  has  a  very  great  extension,  owing  to  which 
the  electric  eel  is  able  to  impart  shocks  of  extreme  violence. 

In  the  g^'umotus,  thu  columns  forming  the  electric  organ  do  noC 
lie  vertically,  as  in  the  torpedo,  but  extend  in  the  direction  of  the 
tail;  BO  that  the  discs  of  wliich  they  arc  composed  stand  vertically. 
Hence  it  cornea,  that  in  the  electric  eel  thi;  positive  current  goes  in 
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the  direction  of  the  head  towards  the  tail ;  consequently  not  lake  the 
torpedo,  where  the  current  passes  from  the  back  to  the  abdomen. 

Electric  currents,  not  occasioned  by  especial  electric  organs,  have 
been  observed  in  the  animal  organism.  Nobili  has  found,  that  on 
touching  with  the  one  wire  end  of  a  multiplicator  the  head  of  a 
living  or  dead  frog,  and  its  feet  with  the  other  wire,  a  current  will 
pass  from  the  head  to  the  feet.  In  like  manner,  a  current  may  be 
observed  on  making  an  incision  into  the  muscle  of  any  animal, 
and  connecting  the  exterior  surface  of  the  muscle  with  the  cut 
surface  by  means  of  the  multiplicator. 
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SECTION    VII. 

OF    HEAT.* 

CHAPTER    I. 

EXPANSION. 

OiiR  capacity  of  feeling  enables  us  to  diacriminatc  between  ibc 
different  cundilionR  wliicb  we  tcnn  hutj  warWj  cold,  &<r.,  in  variuus 
bodies.  If  a  budy  that  we  call  ct^ld  l>ocotae  warm,  and  bot,  it  will 
increase  in  volume,  or  be  exjianded. 

The  unknown  cauuc  producing  this  expansion  of  bodies,  and 
wbich  at  tbe  Haiue  time  occasions  the  different  above-mcntionrd 
irnpreasionB  on  our  capability  of  feeling,  is  termed  heat. 

Heat  not  only  effects  an  cx]>an»ion  in  bodies,  but  is  likcvitt' 
able  to  alter  their  aggregate  conditions,  fusing  solid,  and  evajm- 
riztng  fluid  bodies,  We  will  now  proceed  to  the  consideration  at 
the  laws  of  these  phenomena. 

The  Tkermmnetfnr. — Since  ail  bodies  are  expanded  by  heat,  and 
aa  tbe  volume  of  a  body  depends  upon  the  degree  of  heat  it 
possesses,  the  expansion  of  a  body  may  serve  to  measure  tW 
degree  of  its  heat ;  and  this  degree  of  beat  we  term  temprratmret 
and  the  instrument  used  lo  define  it,  a  thermometer. 

Fig.  462  represents  a  mercurial  thermometer ;  the  b*ilb  is  filW 
Fio.  462.  with  mercury ;  ^^'**  ^''"'^  ^'^'''  *"  *^^  ^"^  ***  *  dcfijiiw 
height,  dependant  on  the  temperature.  If  the  bidb  be 
warmed,  the  volume  of  the  mercury  will  be  increased,  and 
it  will  rise  in  the  tul)c,  and  we  soy  the  temperature  has 
incrcAsed.  If  the  bidb  be  cooled,  the  volume  of  the  ^ 
mercury  will  again  diminish,  and  the  fluid  will  sink  in  tb*fl| 
tube,  and  we  say  that  the  temperature  has  fallen, 

4         At  equal  degrees  of  temperature  the  top  of  the  mcrcor) 
will  always  occupy  the  same  place  in  the  tube ;    thus,  on 
comparing  a  larger  or  a  smaller  thermometer  with  thr 
first,  both  will  rise  and  fall  together,  but  the  actual  amount  ol 
*  See  Profeiftor  Tliucnsoirk  "  Heal  and  Electricity,"  2nil  Edition,  BnK  lft49. 
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the  riains:  ami  falling  m.iy  Ijc  very  different.  II',  for  instance,  the 
two  \m\hn  arc  equal,  hut  thi!  tul)c  of  the  one  10  tinie«  larger  in  itn 
bore  tlian  that  of  the  other>  the  mercury  will,  at  an  equal  degree 
of  tenijHrmturc,  rise  10  times  higher  in  tlie  narrower  tube. 

A  thermometer  of  this  kind  can  only  ser\c  to  show  whether  a 
certain  decree  of  temperature  be  prcwut,  or  whether  it  he  higher 
or  lower,  according  as  the  top  of  the  mercury  stands  higher  or 
lower  in  the  tube.  Sueh  an  instrument  might  be  of  Aouie  use  to 
acicnoe ;  but  it  is  only  by  their  graduation  that  thermometers  enn 
be  rendered  practictdly  usefid  :  thus  enabling  us  to  express  the  tem- 
peratures, to  compare  them,  and  thus  ascertain  the  laws  of  heat. 

It  will  of  course  be  understood  that  only  such  glass  tubes  must 
be  applied  to  thermometers  as  are  perfectly  eyliudrical;  and  whether 
they  are  so,  is  known  hy  t)b8erving  if  a  globule  of  mercury  suffered 
to  pass  up  and  down  one  of  these  tubes  occupy  an  equal  length 
in  all  parts  of  the  tube, 

AHer  a  tube  ha«  been  blown  out  into  a  bulhj  it  must  be  filled 
with  mercury  ;  for  this  purpose  the  bulb  is  warmed,  in  order  that 
the  air  contained  within  it  may  be  expanded,  and  then  the  oikii 
end  of  the  tube  is  rapidly  plunged  into  the  mercury  (Fig.  403). 
rto.  463.  On  t^t'  l^ulb  cooling,  the  mercury  ascends  into 

the  tube.  It  is  sufficient  here,  if  only  a  few 
drops  reach  the  bulb.  If  wc  now  again  invert  the 
instrument,  and  heat  the  ball  u  second  time  till 
the  tluid  begins  to  boil,  the  vapour  of  the  mercury 
will  soon  fill  the  whole  space,  driving  the  air 
entirely  out ;  and  when  the  open  end  of  the  tulw 
is  again  quickly  plunged  into  the  mercury,  wc 
may  be  sure  of  the  bulb  becoming  entirely  Hllcd. 
Before  the  thcnnonirter  is  cloM-d  it  must  ^K• 
reffuiafi'd ;  that  is  to  say,  as  much  mercury  uiuvt 
l>e  added  nr  taken  away  as  is  necessary  to  make 
the  amount  correspond  to  the  medium  temperature  for  which  the 
thermometer  is  intended :  it  must  then  be  heriiietieatly  closed. 

The  graduation  of  thcnnometers  consists  in  marking  two  fixed 
poirttn  on  the  tulx;,  and  then  diiiding  the  intervening  space  into 
espial  |>artK.  For  these  |K>ints,  the  buiUng  and  Ctx-czing  points  of 
water  are  generally  taken.  To  determine  the  latter,  the  thermo- 
meter hall  and  the  tube,  as  far  as  it  is  Hlled  by  the  mercury,  arc 
plunged  into  a  vcjiscl  lilted  with  finely  |>oundcd  ice,  Fig.  -104. 
If  the  t4*ni|)cnilurc  of  the  surrounding  air  U?  higher   thnu    the 
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freezing  pointy  the  ice  will  melt,  and 
the  whiilc  utass  will  assume  the  fixed 
tem|)erature   of    the    freezing    point. 
The  thermometer  will  also  soon  ac- 
quire this  temperature,  and  from  that 
ntomeut  it  will  remain  perfectly  sta- 
tionary, wheu  we  have  only  to  mark 
with  accuracy  the  point  of  the  tube 
where  the  top  of  the  eolnmn  of  mer- 
cury stands.     ITiis  |wint  is  first  de- 
signated by  a  line  of  ink,  and  subse- 
quently marked  by  a  diamond. 
In  order  to  determine  the  boiling  point,  we  take  a  vessel  with 
a  long  neck,  (Fig.  465),  and  heat  distilled  water  within  it  to  the 
boiling  point ;  after  the  boiling  has  gone  on  some  time,  all  parU 
of  the  vessel  will  bi;  equally  ht-ated,  and  the  vapour  will   escape  at 
the  lateral  openuigsj  the  thermometer  is  then  surroimded  on  all  sidn 
by  vapour,  the  temperature  of  whieh  will  be  the  same  as  that  of  the 
upjitT  layer  of  water.  The  mercury  will  S(X)n  rise  to  a  point  at  whicb 
it  will  remain  standing,  and  whii-h  it  will  not  exceed.    This  point  is  fl 
designated  as  0.     If  at  this  moment  the  height  of  the  barometer  ™ 
be  not  exactly  760"™,  a  correction  must  be  mado,  the  amount  of 
which  will  be  given  when  wc  treat  more  fully  of  boiling.       In  the  fl 
centigrade  thermometers  the  interval  lietween  the  two  fixed  points  " 
IB  divided  into  100  parts,  and  the  thermometer  scale  thus  made. 

All  thermometers  constructed   in  this  manner  are  comparable 
instruments ;    that  is  to  say,  they  exhibit  an  equal   numl>cr  of  ^ 
degrees  at  equal  temperatures.  H| 

Mercurial  thermometers  may  be  constructed,  which  go  to  ihc 
360th  degree ;  but  beyond  this  it  is  not  expedient  to  raise  them, 
for  fear  of  approaching  too  nearly  to  the  boiling  point  of  mercurv, 
which  is  '400"  C.  Below  zero,  the  graduations  of  mercurial  ther- 
mometers may  go  correctly  us  far  as  —  30"*  C.  or  —  35**  C. ;  but 
beyond  this  wc  should  approach  too  nearly  to  —  40'*  C,  the 
freezing  point  of  mercury.  As  wc  approximate  to  the  tempera- 
tures in  which  IxMlies  change  their  aggregate  condition,  tb«r 
expansion  is  no  longer  regular. 

All  therraomcters  arc  not  graduated  according  to  the  ccntigrailr 
scale.  In  Germany  and  France  Heaumw-'x  thennometers  arc  much 
used,  which  are  divided  into  80",  although  for  scientific  investiga- 
tions the  centigrade  division  of  Celsius  is  almost  exclusively  applied 
to  thenuouicters. 
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It  is,  however,  easy  to  rednce  Celtint^  scale  to  that  of  Reaumttr, 
and  vice  vertd  \  for  as 

100'  C.  =  80^  R.,  1°  C.  =  0,8"  B.,  and  V  R.  =  1,25*'  C. 

Consequently  :r"  C.  =  x,  0,8"  R.,  and  n"  R.  =  «  .  2;J5»  C. 
We  may  thus  expreu  the  same  thing  in  words:  In  order  to 
change  Reaumur's  scale  to  that  of  CeltiuSj  wc  multiply  the  number 
<if  the  Reaumur  scale  by  1,25,  or  by  -Jths.  If,  on  the  other  hand, 
wc  want  to  change  Celsius*  degrees  into  the  Reaumur  scale,  wc 
muttiply  the  given  number  of  the  degrees  by  0,8,  or  what  is  the 
same,  by  J-tha. 

In  England  Fahrenheit's  scale  is  exclusively  made  use  of,  the  0 
of  which  doea  not  correspond  with  those  of  the  two  above-men- 
tioned scales.  The  null  point,  or  0  of  Fahrenheit's  thermometer 
agrees  with  the  graduated  line  —  iZ-yths  of  Celsius.  Its  melting 
point  for  ice  is  32°,  and  the  boiling  point  of  water  at  212**;  ao 
that  the  interval  between  the  two  is  diWded  into  180  dcgreea. 
According,  therefore,  to  their  absolute  value,  ISC*  F.  =  IWP  C; 
consequently  l**  F.  =  ^Hhs  C,  and  1**  C.  =  4«ths  F. 

It  is  necessary,  however,  before  we  attempt  to  reduce  the 
degrees  of  one  of  these  thermometers  to  the  scales  of  the  others, 
to  take  into  account  that  their  zero  points  do  not  coincide.  On 
changing  Fahren/ieifs  scale  into  that  of  the  Cetsian  thermometer, 
wc  must  subtract  32  from  the  given  fundamental  ntimbcr,  and 
multiply  the  remainder  by  ^  :  thus  wc  have  i**  F.  =  (jr  —  32)  ^^  C. 
On  changing  the  Celsius  or  centigrade  scale  into  that  of  Fahren- 
heit,  we  multiply  it  by  ^  and  add  32  to  the  product ;  consequently 
y>  C.  =  (y  .  4f  +  32)"  F.  In  order  to  facilitate  a  couparisoa 
of  the  different  scales,  we  give  the  following  table. 


Cebhn. 

Raiumur. 

Fthrabeit. 

—  20 

—  16 

—    4 

—  10 

—    8 

+  14 

0 

0 

32 

+  10 

+     8 

60 

20 

16 

68 

80 

24 

86 

40 

32 

104 

80 

00 

100 


72 
80 


176 
194 
212 
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Expansion  (tf  solid  bodies. — As  the  cxjmnsiou  of  s(»li(l  bodies  by 
heat  iH  mconsidcrablcj  means  must  \vi  devised  for  making  U  more 
ajjparcnt  to  tbc  eye.  This  is  most  simply  effected  id  the 
following  way.     A  rod  b  b'  (Fig.  W^G)  made  of  the  body  to  be 

examined  ia  supported 
atone  extrcntitysgainst 
a  firm  obstacle  //', 
whilst  its  otber  extn- 
inity  rests  agaioBt  ibe 
sburtcr  arm  of  an  an- 
gular lever,  /  e  V,  that 
cuii  rotate  roiind  the 
tixed  point  c.  If  nov 
the  end  /  of  the  shorter 
arm  be  pushed  onward  by  the  expansion  of  the  rod  b  A',  the  other 
cud  /'  will  traverse  a  much  wider  space ;  and  we  may  in  Skat 
manner  make  even  the  slightest  prolongation  of  the  rod  h  A* 
|wreeptible,  provided  the  length  c  /'  be  very  large  in  proportion 
to  c  /. 

By  aid  of  apparatus,  the  construction  of  which  essentially  reati 
upon  the  above- mentioned  principles^  the  ex]>anitiou  of  many  bodiei 
has  been  asrcrtaiucd.  The  following  list  will  give  a  few  of  the 
most  important  of  these. 

for  an  elevation  of  temperature  from  0  to  100"  C,  wc  have 
these  expansions : 


I 

i 


Platinum 

Glass  nn  the  average 

Steel  (hard) 

Iron     » 

Copper 

Tin      .         .         . 

Lead    . 

Zinc 


about  0,00086  or 

„  0,00087  „ 

„  0,00124  „ 

„  0,00122  „ 

„  0,00171  „ 

„  0,00217  „ 

..  0.00285  „ 

„  0,00294  „ 


x-rsT 


r+TT 


A  steel  rod,  therefore,  which  at  0*^  has  a  length   of  807  Uiu%^ 
will  have  a  length  of  808  lines  at  100";  a  zinc  rod  of  only  340 1 
lines  in  length  will  expand   1   line  at  an  increase  of  temperature  ' 
from  0  to  lOO'^.      Amongst  all  the  above  given   bodies,    platinmu 
expands  the  least,  and  zinc  the  most. 

Almobt  all  )^olid  bodies  expand  equally  between  0  and  10(/'; 
that  is,  their  expansion  is  proportional  to  the  elevation  of  tempe- 
rature.    At  an   increase  of  temperatuir   from   0   to    10"   copper 
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expands  0,000171,  at  an  elevation  uf  tcnipemlurc  from  O^  to  1**  it 
expands  0,0000171  of  iU  length  at  0". 

The  number  cxpressini;;  the  extent  of  len^h  from  0^,  which  a 
botly  expands  at  an  elevation  of  temperature  from  0  to  100^', 
is  termed  the  co-efficient  uf  the  cximusion  uf  lengtli.  The  abuve 
table  gives  the  eu-efficienta  for  platinum,  gluss,  steel,  &c. 

Cuftic  erpajtsion  is  the  increase  in  the  volume  of  a  body    pro- 

duced  by  an  elevation  of  temperatmre.     Ilert*,  tuo,  the  volmne  uf 

the  IxMly  at  0**  is  taken  as  the  starting  |>oint,  and  by  the  co-effi- 

cicnce  of  expansiun  we  here  understand  the  number  giving  the 

(piantity  which  expresses  by  how  much  of  its  onginul  volume  at  0^ 

a  body  on  heating  it  to  100*^  C.  expands.     If  wc  soy  that  the  co- 

efhrient  of  the  expansion  uf  mercury  ta  0,01 8,  it  means  that  mercury 

18 
expands  at  on  elevation  of  tcmjierature  of  100°  about  tt^jk  uf  its 

volume  at  O''.  If  we  know  the  co-efficients  of  exjwinsion  and  the 
vubimc  of  a  body  at  0",  we  may  reckon  its  volume  at  any  degree 
of  tempeniturcj  pn>vided  that  the  expansion  of  the  body  be  regular 
up  to  this  degree  of  temperature. 

In  liquid  and  gaseous  lx>dies  the  expansion  enn  be  determined 
directly  by  experiments,  whilst  m  solid  bodies  it  nmst  be  estimated 
fn>m  the  lineitr  i>\)»aniiion  ob^rved. 

The  co-ffficifnt  uf  esjfuruion  nf  tmlid  bodies  i$  three  time*  aa  yrrol 
as  the  co-efficient  fur  the  linear  e^'paimun  of  the  bodies. 

Wc  may  convince  ourselves  of  this  by  the  following:  reasoning. 
Let  /  be  the  side  uf  a  cube  at  0°,  then  /'  is  its  vulume,  which  we 
will  designate  by  pj  if  the  cuIkj  be  heated  to  thu  100"  C.  each  side 
becouu's  I,  (1  +  r),  consequently  the  contents  uf  the  cube  are: 
1/  =  P  (1  +  r)»  =  /•  (1    +  3  r  +  3  r*  +  r*). 

But  as  r  is  n  very  small  quantity,  wc  may  diprti^rd  its  higher 
powers,  when  the  value  of  v*  wdl  conscqutoitly  be  reduced  to 

r-  =  /-  (1  +  8  r)  =  r  (I  +  8  r). 
Hie  volume  p  is  consequently  increased  about  3  r  r ;    and   the 
co-efficient  of  expansion  for  the  volume  is  couM-quently  3  r. 

Wu  will  endeavour  to  moke  this  more  apparent  by  s  geometrical 
figure. 

Let  a  A  c  be  a  cube  formed  of  a  solid  body  at  O*  (Fig.  4G7).  If 
this  cube  were  only  expanded  upward  at  an  elevation  of  temperature 
tif  100^'.  it4  volume  would  increase  as  mudi  as  the  (jusdratic  plate  a  d 
e  bf  whose  solid  C(tnt4'ut.t  are  r  r,  if  r  he  the  volume  of  thr  original 
die,  und  r  the  linear  coefficient  of  expansion.     If  the  rube  only 


plate  b  i  h  c,  whose  coutcnts  are  like- 
wise r  Vj  would  be  the  result  of  the 
cxjiansion  of  the  body  anteriorly.  Tbe 
cubic  contcntfl  of  these  three  plata 
together  are  3  r  ».  To  complete  the 
estimation  of  the  increase  by  heat  of] 
the  cube,  wc  ought  to  add  the  contenU 
of  the  coroersj  which  arc  filled  up 
at  the  places  where  e\'ery  two  of  the 
above-mentioned  plates  meet  together  at  the  edges ;  but  the 
amount  of  this  is  so  tneouaiderable,  that  it  may  be  disregarded, 
since  the  size  of  the  linear  expansion  d  a  in  very  small  in  com- 
parisoQ  with  the  lengths  of  the  aides  of  the  original  cube,  and  we 
may  thus,  without  serious  error,  assume  3  r  »  to  be  the  whole 
increase  of  the  volume.  1 

The  co-efficient  for  the  expansion  of  length  in  glaas,  for  instance, 
is  0,00087,  at  nn  elevation  of  temperature  from  0  to  IOC,  con- 
sequently a  mass  of  glbas  will  expand  about  0,00251  of  its  volume; 
the  same  is  the  case  with  the  contents  of  a  glass  vesael.  If  a  glass 
vessel,  at  a  temperature  of  O'^,  contain  exactly  1000  cubic  centi- 
metres, its  contents  will  at  100"  have  increased  to  1002,51  cubic 
ccntijuetres. 

Expansion  of  fluids. — The  apparatus  in  Fig.  4^  may  be  oacd 
to  determine  the  expansion  of  various  fluid 
bodies.  The  neck  of  u  glassy  vessel  of  corre- 
sponding size  is  so  much  contracted  at  one  spot, 
that  the  part  above  may  be  in  some  degree 
cousidered  as  a  funnel.  The  narrowest  port 
of  the  neck  a  is  marked  in  some  way.  The 
globe  is  now  Blled  with  the  Huid  to  be  examiued, 
so  that  it  reaches  above  o,  within  the  fonnel,  and 
the  whole  is  cooled  down  to  O'*,  while  the  apparafcua 
is  entirely  surrounded  with  melting  snow,  or  ice. 
When  the  ttuid  is  cooled  to  0",  all  the  Huid  standing  above  the 
mark  must  be  removed.  If  we  weigh  the  filled  globe,  abstract- 
ing from  the  weight  found,  that  of  the  glass  vessel,  we  shall  obtain 
the  weight  of  the  Huid  rising  in  the  globe  at  0".  As  soon  as  the 
globe  is  warmed,  the  fluid  will  expand,  ascending  above  the  mark 
a  on  the  funnel.     When  wc  have  warmed  it  to  a  certain  degree  of 
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tcni|>eriiturc,  as  100",  we  must  remove  all  the  lluid  staiiiling  above 
#1,  Biid  WL'igb  it  a  Hccoiul  time.  AHer  this,  it  will  be  easy  to 
ctilculutc  the  apparent  expansion. 

The  ex|uiu8ioti  thus  detcrmiued  is,  a»  we  have  already  remarkcdj 
only  the  apparent  one ;  the  true  expansion  of  tluid^  being  only 
found  on  adding  the  increase,  by  heat,  uf  the  contents  of  the  glass 
vessel  to  the  apparent  expansion. 

At  an  elevation  of  temperature  from  0  to  IOC,  the  expansion  of 
the  volume  at  0",  is  aa  follows  : 

Mercury  .  about  0,018 
Water  .  .  „  0,045 
Spirits  of  wine  „  0,100 
Oa    .     .     .       „       0,100  nearly. 

As  we  sec,  the  expansion  by  heat  is  very  considerable  in  the 
CMC  of  spirits  of  wine  and  oil,  a  circumstance  that  ought  to  be 
attended  to  in  commerce. 

MiMit  fluids  do  not  expand  regularly  between  0  and  IOC'.  This 
is  best  seen  by  constructing  thermometers  of  different  fluids,  and 
comparing  them  with  one  of  mercury.  If,  for  instance,  we  heat  a 
water  thennomctcr  which  has  long  been  exposed  to  a  temperature 
of  0",  it  wdl  not  immediately  rise,  but  will  first  sink,  and  only  begin 
to  rise  when  the  temperature  has  been  raised  to  df.  If  we  take 
into  account  the  expansion  of  the  glass,  it  will  be  found  that  water 
has  a  maximum  density  at  •!**,  that  is,  at  4^  water  is  flenscr  than  at 
any  other  temperatiuH:,  Water  of  4"  will  expand  whether  we 
heat  or  cool  it. 

Spirits  of  wine  do  not  expand  regularly,  on  which  account 
a  spirit  thermometer  docs  not,  at  all  temperatures,  correspond  with 
one  of  mercury. 

Ejjfansion  offfate*, — Gases  expand  by  heat  far  more  than  solid 
and  fluid  bodies,  and  their  co-efBeients  of  expansion  are  the  same 
for  all  temperatures;  further,  gases  always  ex]>and  in  proportion  to 
the  elevation  of  temperature. 

At  an  elevation  from  0  to  lOO'',  the  expansion  of  gases  amounts 
to  0,365  of  their  volume  at  0". 

Different  methods  have  been  used  to  ascertain  the  co-efficients 
of  expansion  for  gases,  amongst  which,  however,  the  following  is  the 
moat  simple.  A  glass  bulb  is  blown  at  the  one  end  of  a  thin  glass 
tube,  as  seen  in  Fig.  44>0,  while  the  other  end  is  drawn  to  a  Hoc 
point.   On  immersing  the  bulb  m  boiling  water,  in  such  a  manner. 


A 


442 


CnANOE    OP    THE    STATE    OP    AGGREGATION. 


of  course,  that  the  point  ehall  project  tolerably  far  beyond  ibc 
lluid,  the  air  within  it  will  booh  be  heated  to  IOC,  and,  in  conuc- 
riG.  469.  quencc  of  this,  will  partially  escape  from  the  ball. 
The  point  iiuist  now  be  closed  over  a  spirit  lamp, 
and  the  bulb  suffered  to  cool  gradually  ;  whcu  it 
has  become  quite  cold  wc  must  then  invert  it,  put 
the  point  into  the  mercury,  and  break  it  off;  the 
mercury  will  now  naturally  force  its  way  into  the 
ball,  because  the  air  within  has  been  rarclicd  by  the 
previous  heating. 

If  wc  cool  the  ball  to  (f,  by  means  of  mdtcd 
snow  laid  u|>on  it,  the  mercury  forcinjr  its  way 
in,  will  exactly  fill  the  space  in  which  the  air  re- 
maining in  the  bulb  has  expanded  at  an  elevation  of 
tcai|R^ratuj'c  from  0  to  100".  If  we  tlettfrmine  by  weight  the 
quantity  of  mercury  that  has  entered,  we  shall  obtain  the  weight 
of  the  amount  of  mercury  which  the  whole  bulb  is  capable 
of  containing;  and  thus,  consequently,  we  may  calcnlute  the 
co-efficients  of  cipauBiou  of  air. 


CHAPTER  II. 
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Fusion, — ^We  may  easily  sec  that  fusitmt  that  is,  the  transition 
of  a  body  from  the  solid  to  the  fluid  condition  must  be  a  pheno- 
ukenoii  <if  heat,  and  that  no  other  i>ower  in  uature  but  this  is 
capable  of  producing  a  similar  effect.  We  may  break  ice 
and  reduce  it  to  powder,  and  we  may  expend  every  niochamcal 
power  upon  it ;  but  yet  it  will  not  be  converted  into  water  until 
acted  upon  by  beat.  Tlie  same  is  the  case  with  lead,  wax,  &c. 
WTiethcr  a  body  be  solid  or  fluid  depends,  therefore,  entirely  and 
solely  ou  its  temperature.  At  any  other  distance  from  the  eun 
than  the  one  occupied  by  it,  the  earth  would  present  a  very 
different  aspect ;  at  a  greater  approximation  to  that  luminary 
most  metals  would  be  in  a  constant  state  of  funion,  ^^hiK•  at  a 
greater  diataiiec  from  it  the  sea  would  be  a  soUd  mass;  there 
would  be  no  rumiiug  water,  and  probably  no  lluid,  on  tlie  cireula- 
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tinn   of  which    the    phviiomciui   of    aniniftl    aiid    vegetable   life 
dcjicnd. 

Afl  heat  penetratvti  aiid  expAiiil!  all  bodies,  the  question  natu- 
rally ariaca,  whether  nil  sobd  bodies  arc  fusible  T  lu  thia  respect 
great  differeneea  present  theinHelvcs  aiuungst  bodies;  some  arc 
easily  fusible,  and  jmss  into  a  fluid  condition  at  even  a  low 
tern|icroture,  as,  fur  iimtance,  ice,  phonphorus,  sulphur,  wax,  fat, 
&c. ;  others  again  require  high  teuiperaturcs  to  reduce  them  to 
famony  sa  tin,  lead,  &c. ;  finally,  there  arc  bodica  which  only  melt 
at  very  high  temperatures,  an  gold,  iron,  platinum.  No  aueceaa 
huA  M  yet  attended  the  attempts  made  to  fuse  charcoal,  although 
many  natural  philoKophers  maintain  that  they  have  obscn'cd 
traocfl  of  fusion  at  the  edges  of  the  diamonds  submitted  to  experi- 
ment. Judging  from  analogy,  we  nmst  conclude  that  there  arc 
no  absolutely  infusible  bodies,  and  that  all  would  melt  if  exposed 
to  a  sufficiently  high  degree  of  temperature. 

Organic  bodies  imdergo,  for  the  most  part,  a  chemical  decom- 
|>osition  by  the  action  of  heat  before  they  are  reduced  to  a 
state  of  fusion. 

On  a  body  passing  from  the  sobd  to  the  fluid  condition,  we 
obtcrve  two  remarkable  phenomena.  l»  the  jir$l  place,  it  remains 
■(Jid  up  to  a  ccrtaui  lixed  temperotiu'c,  which  is  always  the  same 
for  the  same  body,  and  at  which  alone  fusion  begins ;  and  seamMy, 
the  tctn])eratim:  does  not  change  during  fusion,  let  the  amount 
of  heat  imparted  be  wliat  it  may.  Heat  is,  therefore,  absorbed 
during  fusion,  and  incorporates  with  the  body  without  producing 
any  further  action  on  the  fcebngs  or  on  the  thermometer.  The 
invariobiltty  of  the  fusion  point  and  the  tibsorptiun  of  latent  heat 
are  two  essential  conditions  of  fusion. 

Tbe  following  table  gives  the  point  of  fusion  for  diflcrent 
substances. 

Wrought  Kuglish  iron 

Soft  French  iron 

The  least  fusible  steel  . 

The  most  easily  fusible  steel 

Gray  cast-iron^  second  smcltnig 

Easily  fusible  gray  cast-iron 

Gold 

Silver  .... 

Bronxe        .... 

Antimony   . 


1600 

degrees. 

1500 

» 

1400 

»i 

1300 

ir 

1200 

ft 

1050 

w 

1250 

M 

1000 

ft 

UOO 

•I 

ia    ncsccmrf 
The    heat   is 


Stcanuc 

Spcrmacetti 

Acetic  acid  ....        45 

Soap 33 

Ice 0 

Oil  of  turpentine  .         .         .     — 10 

Mercury     .....     — 39 
Latent  heat. — A    cousiderable    degree   of    heat 
to   convert   ice   or  snow  at  0"  into  water   at   0**, 
latent  in   the  water,   and   i»  alike   imperceptible  to  the   feelings 
or  to  the  thermometer. 

If  lib.  of  water  of  79°  be  mued  with  lib.  of  snow  of  0",  wc 
shall  obtain  2lbs.  of  water  of  O^.  All  the  heat,  therefore,  which 
was  contained  in  the  hot  water,  is  no  longer  to  be  detected  by  the 
thermometer^  Having  alone  been  applied  to  the  purpose  of  convert- 
ing snow  at  0"  into  water  at  0". 

If  snow,  or  pounded  ice  at  about  —  W  be  mixed  with  common 
salt  at  about  —  \(f*,  the  two  will  combine  to  form  a  liquid  solution 
of  salt ;  and  the  thermometer  will  in  the  mean  time  fall  more  and 
more,  owing  to  the  large  quantity  of  heat  that  is  latent  in  the 
liquefaction  of  two  previously  solid  bodies.  On  this  princdpfc 
depend  the  so  called yreMi'n^  mixtures. 

If  we  designate  as  1  the  amount  of  heat  necessary  to  raise  the 
temperature  of  lib.  of  water  to  1*\  the  amount  of  heat   which 
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become*  am^nfd  or  latent  by  the  fusion  of  lib.  of  snow  wiU 
be  equal  to  79. 

Heat  is  latent  oa  well  in  the  melting  of  ice  and  snow,  ss  alfto 
in  the  fusiuu  of  other  bodies.  The  following  are  ihe  values  of  the 
latvut  heat  of  soeral  bodies  according  to  Irvvie's  calculations  : 

Sulphur     ...     80 

licad         ...     90 


Wax 

Zinc 
Tin  - 

Bismuth 


9r 

278 

305 


The  signifieation  of  these  numbers  ia  easily  understood  ;  for 
instance,  ut  lib.  of  snow  requires  for  its  fusion  79  unitit  of  heat, 
that  is,  79  times  as  much  heat  as  is  necessary  to  raise  the  tempe- 
rature of  lib.  of  water  1",  80^  units  of  heat  are  requisite  to  fuse 
Ilh.  of  sulphur,  and  90,  97,  and  274,  respectively,  for  the  fiuiioD 
of  lib.  of  lead,  wax,  or  zinc,  &c. 

As  heat  is  latent  in  the  fusion  of  a  solid  body,  so  likewise  an 
absorption  of  heat  is  effected  on  a  solid  body  being  dissolved 
into  a  fluid  condition ;  we  may  easily  convince  ourselves  of  the 
tnith  of  this  on  throwing  a  pulverisedi  easily  soluble  salt,  as  salt- 
petre, iu  water,  and  promoting  the  solution  by  stirring;  the 
temperature  of  the  water  will  fall  several  degrees  during  the 
process. 

Pulverised  glaaber  salts,  over  which  muriatic  acid  has  been 
poured,  give  a  fall  of  temperature  of  +  10  to  —  17"  C. 

Solidification. — On  the  transition  uf  a  body  from  a  fluid  to  a 
solid  condition,  wc  observe  phenomena  precisely  analogous  to 
thoite  esLhibited  in  the  process  of  fusion  ;  in  the  first  place,  it  only 
oceurs  at  a  dcifinite  t<?niperaturc  corresponding  with  the  fuHton 
point,  and  secondly,  all  the  latent  heat  that  had  been  absorlxxl  by 
fusion  is  again  liberated  on  soliditication  taking  place. 

The  phenomenon  of  the  liberation  of  latent  heat  on  the 
sol iditi cation  of  Huid  bodies  was  proved  in  the  following  manner  : 
lu  the  year  1714  Fahrenheit  made  the  ob8er\ation,  th&t  under 
certain  circumstanccf  pure  water  may  be  cooled  to  from  10"  to 
12"  without  freezing.  This  may  often  be  noticed  in  the  tijwn  air, 
but  the  phenomenon  can  be  beat  exhibited  by  being  careful  to 
expose  the  cooling  water  to  but  an  inconsiderable  pressure  of  air 
or  vaponr.  This  may  be  effected  hy  making  wat<'r  boil  in  a  glass 
tnlH*  that  hoa  bc«»  drawn  out  into  a  fine  ftomt,  and  seahug 
It  when   wc  suppose  that  all  the  air  has  bccu  dnvcu  out  by 
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the  slcani.  Tlicrc  will  then  only  be  stenm  in  the  glass  ftbove  t 
water,  which  will  cxcrrisc  but  nn  inconsiderable  degree  of  pressure' 
ot  a  low  temperature.  On  raposing  such  a  glass  tube  as  this  to  s 
temperature  of  —  12",  the  water  will  remain  fluid  ;  but  wh«i 
the  vessel  is  shaken,  the  mass  of  water  will  suddenly  freeze.  If « 
thermometer  has  been  inserted  into  the  interior  of  the  glass  lobe, 
on  which  we  may  he  able  to  discern  the  low  degree  of  tempcn 
ture,  standing  at  —  12",  wc  shall  see  how  the  mercury  will  instan- 
taneously rise  to  0"  as  the  water  bccoinca  solid. 

The  rapidity  with  which  the  solidiiicatiou  occurs  under  tb 
circumstances,  and  the  rising  of  the  thermometer,  are  phcnomtot 
which  easily  adntit  of  explanation.  The  latent  heat  of  the  finrt 
particles  that  freeze,  passes  over  to  the  next  particles^  which  arr 
still  fluid.  They  are  certainly  warmed,  but  not  su65ciently  so  Ut 
hinder  their  soUtbtication,  hence  the  two-fold  action  of  soUdifici- 
tion  and  heating. 

When  solidiHcation  takes  place  at  the  ordinary  frcer/mg  point,  it 
always  occurs  but  slowly,  and  without  any  elevation  of  tempe- 
rature. If,  for  instance,  water  freeze  at  0',  the  solidification  wiU 
generally  begin  simultancoualy  at  various  points^  and  here, 
particles  first  solidittcd  will  give  off  their  latent  heat  to  tbe  nogfa- 
boimng  parts,  which  will  thus  be  maintained  in  a  fluid  ooQ- 
dition  for  a  few  minutes  longer.  This  is  tbe  cause  of  oar 
obsci'ving  thin  ice  plates,  and  fine  needles  of  ice  diffusing  them- 
selves  in  various  ways  over  the  Hnid  mass.  In  this  manner  tbe 
latent  heat  is  distributed  by  degrees,  and  were  it  not  for  the  p^^ 
sencc  of  this  heat,  the  whole  Huid  mass  would,  on  being  cooled  tn 
the  freezing  temperature,  at  once  become  soUd. 

Heat  is  also  liberated  every  time  a  duid  cntcrft  into  a  snlul 
combination  vnth  another  body.  Thus,  burnt  gy])suin  and  bonrt 
liiuc  combine  with  water  to  form  solid  bodies,  named  hydnttf 
by  the  chemists.  Water  passes,  therefore,  by  this  combination 
into  a  solid  form,  and,  consequently,  bent  must  be  lil>crated.  Wr 
thus  explain  the  intensity  of  heat  occasioned  by  throwing  water 
on  burnt  lime. 

ForniaHon  of  vaptmr. — ^^^Tien  a  Huid  is  in  contact  with  the  air, 
its  quantity  diminishes  by  degrees,  until  it  wholly  disappeara  afti 
a  longer  or  shorter  period  of  time.  The  water  which  covers  the 
soil  after  rain  cannot  resist  the  action  of  a  dry  wind  or  ibe 
sunshine,  but  will  disappear,  not  only  because  it  has  baa 
imbibed  by  the  earth,  but  also  because  it  has  evapurated  in 
air. 


4 

tot  ^H 


rORMATION    or   TAPOVR. 


pio.  470. 


Thp  plienonienon  of  fvajmration  goes  on  more  rapidly  on  lotting 
water  bwil  in  a  llul  dish  over  the  tire;  in  a  short  time  all  the 
water  will  have  disappeared,  although  it  has  not  bccu  absorbed  by 
the  dish.  Hence,  it  folhiwa,  tliat  fluids  change  their  aggregate 
eondition,  l)ec<Mning  invisible  and  expansible  like  gases.  We  desig- 
nate by  the  term  vapour  any  6uid  that  has  passed  into  a  gaaeotis 
condition. 

The  erroneous  opinion  long  prevailed  that  vapours  could  not 
exist  by  themselves  as  such ;  that  they  were  dissolved  in  the  air 
in  the  same  manner  aa  salt  is  in  water ;  and,  Bnally,  that  in  order 
to  make  Huids  assume  the  fonn  of  gas,  it  was  necessary  to  have 
some  solvent  medium  as  the  air,  like  the  soluble  power  of  watci* 
to  make  salt  Auid.  In  order  to  pro^x  the  incorrectness  of  this 
view,  and  at  the  same  time  to  be  able  to 
study  the  true  laws  of  the  formation  of  vapour, 
we  must  take  care  to  conduct  the  process 
in  a  vacuum.  For  this  purpose  the  Torricellian 
vacuum  is  admirably  well  adapted,  not  only  from 
its  furnishing  us  with  a  perfect  vacuum  ;  but 
also,  because  the  depression  of  the  moveable 
column  of  mercury  affords  us  a  means  of  mea- 
suring the  expansive  force  of  vapours. 

Let  us  assume  that  we  have  placed  three 
Toriccltian  tubes  side  by  side  in  a  broad  vc3«c] 
V  v'j  Fig.  470,  tilled  with  mercury,  the  fluid  level 
will  be  equal  in  all  three ;  if,  however,  by  meana 
of  ft  curved  pipe  we  pour  a  little  water  into  a 
tube  /r',  it  will  rise  to  the  Torricellian  vacuum,  and 
the  mercury  will  then  instantly  fall  several  milli- 
metres. This  depression  cannot  be  ascribed  to 
the  weight  of  the  small  layer  of  water  floating 
on  the  mercury  ;  and  in  like  manner,  provided 
wc  have  taken  water  which  has  been  perfectly  freed  from  air  by 
boiling,  as  is  necessary  to  the  success  of  tlie  experiment,  wc  are 
unable  to  ascribe  this  depression  to  the  air  liberated  from  the 
water.  Vapours  must  therefore  have  been  developed  in  the 
water,  which,  like  gases,  possess  a  tension  ;  fur  these  vapours  act 
precisely  in  the  same  romnner  as  if  a  small  portitm  of  air  had  been 
suffered  to  rise  in  the  vacuum. 

The  amount  of  depression  affordn  at  once  a  standard  by  which  to  i 
measure  the  power  of  tension  in  the  vA|>our  or  the  steam  of  the 
water.  If  we  assume  that  the  surface  of  the  mercury  /  deprcwed  by 
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the  vapour  stands  15'""  lower  than  that  c  of  the  other  barometer, 
above  which  there  is  still  a  perfect  vacuum^  it  will  be  clear  that 
the  vapour  will  prcBs  upon  the  surface  t  with  a  force  equal  to 
cohmtn  of  mercury  lo*""  in  height.  This  depression  of  13*" 
therefore,  actually  the  measure  of  the  force  of  tension  of  the 

If  we  had  put  sulphuric  ether,  for  instance,  or  any  other  flui 
instead  of  water  into  the  third  barometer  tube  6",  we  should  )m 
observed  a  far  more  considerable  amount  of  depression  than  m 
the  water,  for  at  a  medium  temperature  the  depression  amounts  \o 
almost  half  the  height  of  the  barometer  b,  from  which  it  foUoiri, 
that  under  these  circumstances  the  va])Our  of  ether  has  a  force  of 
tension  equal  to  the  pressure  uf  almost  half  an  atmosphere. 

Maxinmm  of  the  force  of  tension  of  vapours. — The  tendency  (rf 
\'apours  to  expand  is  carried,  as  in  gases,  ad  infinitum  ;  that  is  to 
say,  the  smallest  quantity  of  vapour  will  iliffuse  itself  through 
every  part  of  a  vacant  space,  be  its  site  what  it  may,  exercising; 
more  or  less  considerable  pressure  upon  the  walls.  The 
quantity  of  water  is  therefore  capable,  in  the  form  of  vapour  or 
steam,  of  tilling  a  space  of  many  thousand  cubic  metres,  in  tht 
no.  471.  same  maimer  a»  does  the  air.  Altbouj^rh  vapotm 
have  an  illimitable  force  of  expansion,  tlicir  force  ti 
tension  cannot,  as  in  the  case  of  gases,  be  increased  at 
will  by  an  increase  of  pressure.  For  to  whatever 
extent  we  compress  a  given  quantity  of  air,  its  eUati- 
city  will,  according  to  Mariolte's  law^  inoraase  in 
the  same  proportion  as  its  volume  diminishes.  On 
attempting  to  compress  vapours,  iu  order  by  that 
means  to  augment  their  elasticity,  we  soon  rcacli  a 
point  where  the  vapour  condenseSj  and  returns  to  iU 
fluid  condition .  The  iimit  of  resistancef  at  which 
further  compression  produces  no  increase  of  cbuticity 
of  the  vapour,  but  renders  it  Huid,  is  termed  the  man- 
mum  of  the  tension  of  vapour. 

In  order  to  show  by  experiment  this  charactcriatie 
difference  between  gases  and  vnpmirs,  the  most  effiaest 
apparatus  is  the  one  described  at  page  101^  excepting 
only  that  ether  is  put  iu  the  place  of  the  air  in  tW 
tube  of  the  barometer.  For  this  purpose  the  Torried- 
lian  tube  is  carefully  iillcd  with  mercury,  the  air  beii^ 
as  much  as  possible  removed  by  boiling  ur  (Afaff 
mcauH.  If  the  tube  be  thus  tilled  to  the  height  of  fi«nt 
1  to  2  centimetres  with  mercury,  the  rcmaiuder  of  the 
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tube  must  be  6lled  up  with  ether,  on  which  the  tube  is  inverted 
and  iniMicrsvd  iu  the*  vessel  c  n.  The  ether  immediately  riseSj 
one  portion  remaining  fluid  while  the  other  is  evaporated  in  tlie 
vacuum,  which  occasions  a  depression  of  the  column  of  mercin-y. 
If,  for  instance,  the  column  n  <  has  only  a  height  of  400"",  while 
it  would  he  760""  in  height  if  there  were  a  vacuum  above,  then 
the  force  of  tension  of  the  vapour  of  ether  is  equal  to  360"".  If 
now  we  press  the  Torricellian  tube  c  c'  more  deeply  into  the  tube 
c  c,  filled  with  mercury  in  order  thus  to  diminish  the  space  iilled 
with  vapour  of  ether,  we  shall  p<TCcive  that  the  mercury  column 
n  $  remains  quite  unchanged.  If  there  is  air  instead  of  ether 
vapour  in  the  upper  part  of  the  tube,  we  know  that  when  the 
volume  of  included  air  is  diminished  by  being  pressed  down,  its 
elasticity  also  increases,  so  that  the  height  of  the  mercury 
column  in  the  barometer  decreases,  (page  101.)  Here  the  case 
is  quite  different  with  regard  to  x-apour,  for  the  volume  of 
the  vapour  of  ether  will  be  diminished  without  the  elasticity 
being  increased,  the  height  of  the  column  n  8  remaining  the 
same. 

Tlic  more,  however,  that  we  press  the  tube,  the  more  does  the 
quantity  of  the  ether  increase,  the  diminution  of  the  space  occupied 
by  the  ether  vapour  acting  in  such  a  manner  that  a  portion  of  the 
vn[K)ur  is  again  condeuHcd  to  fluid  ether,  whiUt  the  remaining 
vapour  does  not  change  its  force  of  tension.  If,  therefore,  we 
compress  the  space  filled  with  the  ether  vapour  to  \,  i,  or  \,  &c., 
i»  i»  or  i  &c.,  of  the  vapour  will  likewise  be  condensed.  If  we 
continue  to  press  tlown  the  tube,  we  shall  soon  reach  a  point  at 
which  all  the  vapour  will  be  condensed,  so  that  there  will  be  only 
fluid  ether  over  the  column  of  mercury ;  it  is,  however,  extremely 
difficult  fully  to  remove  every  globule  of  vapour,  as  the  ether 
always  coutains  absorbed  air. 

On  again  raising  the  tube,  the  column  of  mercur)'  will  always 
retain  the  same  height,  n  $,  whilst  the  fluid  layer  of  ether  will 
contiiuudly  diminish :  showing  that  vapour  rt'-formo  immediately 
again  to  fill  the  enlarged  space,  and  reaches  the  maximum  of  the 
power  of  tension.  If,  however,  we  only  put  a  little  ether  into  the 
tube,  and  raise  it  sufficiently  to  let  all  the  fluid  escape,  the  mer- 
cury will  also  ascend  on  continuing  to  raise  the  vessel  j  the  ether 
vapour  is  consequently  no  longer  at  the  maximum  of  the  force  of 
tension,  and  will  exhibit  exactly  the  same  relations  as  a  gas  on  a 
further  increase  of  its  volume. 
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Equilibrium  of  the  fttrce  of  tension  in  an  unequally  heated  ^tace, 
— Wc  may  easily  convince  ourselves  of  the  important  intiuenoe 
exercised  by  the  degree  of  temperature  on  the  maximum  temuon 
of  vapours,  by  observing  the  inequality  in  the  depression  of  the 
barometer  tube  duwng  the  above-named  experimeut,  when  con- 
ducted at  different  temperatures.  For  instance,  with  ether  at 
(y  wc  obtain  only  a  depression  of  ISO"",  whilst  it  aoaouats  to 
630""  at  30  degrees.  Phenomena  which  arc  ever  present  before 
us  furnish  us  with  many  proofs  of  the  truth  of  this.  The  vapour 
of  water,  as  it  is  formed  upon  the  surface  of  rivers  and  lake*,  hu 
only  an  inconsiderable  degree  of  tension;  but  when  water  is  made 
to  boil,  the  force  of  tension  of  the  steam  is  so  great  as  to  be  able 
to  equipoise  the  pressure  of  the  atmosphere,  whilst  at  a  still  higher 
temperature  this  tension  augments  to  such  a  degree  as  to  4><Tmtift" 
the  most  fearful  explosions  in  the  boilers. 

Wc  may  conjecture  from  this  what  the  maximum  of  the  tensioo 
of  steam  may  be  in  a  space  which  is  unequally  heated  in  diffe- 
rent parts.  According  to  the  conditions  of  the  t^uUibrium  of 
gaseous  bodies,  the  steam  must  have  an  equal  degree  of  tension  it 
all  parts  of  this  space ;  and  as  the  force  of  tension  of  the  steam 
cannot  be  so  great  at  the  cooler  as  at  the  warmer  parts,  it 
evident  that  the  tension  of  the  vapour  must  be  the  sanie  thr 
out  the  whole  space  as  at  the  coldest  places;  that,  consequent 
the  vapour  cannot  at  the  warmer  parts  reach  the  maximum  of  the 
force  of  tension  corresponding  to  the  higher  temperature. 

This  principle  may  be  rendered  ap|)arent  by  the  help  of  the 
apparatus  (Fig.  472.)  Two  glaas  bulbs,  a  and  6,  each  coataiaing 
a  little  ether,  are  connected  by  a  tube  c^  a  aeoood 
curved  tube  d  passing  through  the  cork  thit 
closes  b.  If  now  the  ether  in  a  and  6  be  brought 
to  the  boiling  ]H>int,  (which  is  beet  effected  by 
plunging  the  tube  into  hot  water)  the  vapour  wiD 
escape  through  the  tube  dj  carrying  away  the  sir 
from  the  apparatus.  We  now  plunge  the  kyvtf 
end  of  the  tube  if  in  a  vessel  filled  with  mereorf, 
removing  the  sources  of  heat  by  which  the  cthfl 
has  been  made  to  boil ;  a  and  b  will  then  imme- 
diately be  cooled  down  to  the  temperature  of  tk 
surrounding  air,  the  force  of  tension  of  the  vapoor 
~  in  the  apparatus  will  diminish  to  a  defioilv 
degree,  and  the  mercury  consequently  rise  to  a  detinite  heigbi 
dependant  upon  the  temperature  of  the  surrounding  air.     If  m 
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plunge  one  bnlb  into  snow  or  some  firccaing  mixture,  the  mcr- 
cnr>'  will  forthwith  rise  as  hi^h  as  if  both  bulbs  h&d  experienced 
the  Ramc  degree  of  cooling. 

Estimate  of  the  force  of  tension  of  fke  vapour  of  water. — Different 
kinds  of  apparatus  have  been  applied  to  the  purpose  of  determining 
the  force  of  tension  of  steam,  according  as  we  wish  to  calculate  it 
for  H  teniiR-rature  between  0*^  and  lOO**,  below  0*^  or  above  lOCf. 

The  apparatus  represented  in  Fig.  473  is  used  for  temperatures 
na.  -173.   var3ring  between  0"  and  100''.     It  consists  of  two  baro- 
meter tubes  immersed  side  by  side  in  the  same  vessel; 
the  first  of  these  tubes  forms  a  complete  barometer,  and 
in  the  second  there  is,  above  the  mercury,  a  little  water, 
which  forms  a  little  vapour   in   the  vacuum.     The  two 
tubes  are  plunged,  by  means  of  an  iron  rod,  into  a  suffi- 
ciently deep  glass  vessel  j  this  vessel  is  quite  filled  with 
FIG.  47i.  water,  which  maybe  warmed  to  any  temperature 
we  please  between  0*  and  100".    The  temperature 
of  this  water,  which  may  be  determined  by  pro- 
perly applied  thennometcrs,  is  at  the  same  time 
that  of  the  two  barometers  and  of  the  steam  in 
the  one.     In  order  to  obtain  the  degree  of  cJas- 
ticily  of  the  steam  corresponding  to  each  degree 
of  temperature,  we  have  only  to  determine   in 
what  relations  the  depression  of  the  steam  baro- 
meter stands  to  the  height  of  the  column  of  mer- 
cury in  the  perfect  barometer. 

The  following  method  may  be  adopted  for  mea- 
suring the  force  of  tension  of  steam  above  IOC*. 
A  wider  vessel  is  fixed  into  a  tolerably  long  glass 
tube,  Fig.  474,  somewhat  in  the  same  manner  as  the  cistern  of  a 
barometer;  the  longer  and  shorter  tubes  arc  both  open  at  the  top. 
On  pouring  in  mercury,  it  will  of  course  rise  equally  high  in  both 
tubes,  l^e  fiuid  to  be  tested  is  then  poured  upon  the  mercur\'  in 
the  wider  tube,  and  after  being  kept  up  to  the  boiling  point  for 
some  time  after  oil  the  air  has  been  expelled,  the  tube  is  sealed. 
If  we  put  the  vessel  into  a  fiuid,  the  temperature  of  which  is  above 
the  boiling  point  of  the  enclosed  tluid,  vafwur  will  be  formed, 
which  presses  upon  the  mercury  (in  the  vessel)  causing  it  to  rise 
in  the  long  tube.  Tlie  diifcrencc  of  the  mercury  level  in  the 
vesBcl  and  the  tube  indicates  how  much  the  power  of  tension  of  the 
vapour  exceeds  the  amount  of  the  pressure  of  the  atmosphere* 
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The  apparatus  is  fastened  to  a  graduated  stem,  both  for  the  pur- 
pose of  being  able  to  measure  the  height  to  which  the  cohiinn  of 
mercury  is  raised,  and  also  to  protect  the  tube  from  being  struek 
or  broken.  If  the  tube  belong  enough,  we  may,  by  means  of  this 
apparatus,  measure  the  tensiuu  of  steam  at  3  or  4-  atmospheres. 

In   order   to  be   able   to    measure   higher   tensions,    we    need 
only  fuse  together  the  ascending  tube,   so  that  a  definite  qnantitj^l 
of  air  may  be  inclosed  in   it.     When   the  steam  in   the  veatd  ™ 
drives  the  mercury  into  the  tube,  the  inclosed  air  becomes  com- 
pressed, and  we  may  easily  compute  the  force  of  tension  of  the 
steam  by  the  difference  in  the  height  of  the  two  surfaces  of  mercury. 

The  following  tables  contain  the  maximum  of  the  force  of  tensioo 
of  steam  for  different  temperatures : 


Force  of 

Pressure  upon 

Degrees. 

teoaiou  of  steam  in 

1  squftre  ccDtimetre 

millimetres. 

in  IdlogmnniM. 

0 

5 

0,007 

10 

9 

0,013 

20 

17 

0,028 

80 

30 

0,043 

40 

53 

0,072 

50 

89 

0,126 

60 

115 

0,196 

70 

229 

0,311 

80 

852 

0,478 

90 

525 

0,714 

100 

700 

1,033 

Force  ol 

tension  id 

atmospheres. 

1 

2 

4 

6 

8 
10 
15 
20 
25 
30 


CoTTts  ponding 
Tempenturea. 


100 
121 
145 
160 
172 
182 
200 
215 
226 
236 


Preasure  upon 

I  iquare  centiioetre 

ezfuessed 

in  lulognmines. 

1,03 

2,07 

4,83 

6,20 

8,26 
10,33 
15,49 
20,66 
25.82 
30,99 
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We  see  from  these  tables,  that  at  the  temperature  of  the  boiling 
point,  the  force  of  tension  of  steam  cqnipoiftes  the  pressure  of  the 
atmosphere.  This  is  universally  true :  the  force  of  tension  of  the 
vai>our  formed  from  any  boiling  liquid  is  always  equal  to  the 
pressure  on  the  surface  of  the  liquid ;  for  if  it  were  less,  the 
vapour  could  not  remain  in  the  interior  of  the  liquid  in  the  form 
of  bubbles,  and  if  it  were  more  considerable  the  vapour  must  have 
been  prcWoualy  formed.  The  vapours  of  all  liquids  have  an  equal 
force  of  tension  at  the  boiling  point.  Dalton  was  of  opinion  that 
the  force  of  tension  must  be  equal  at  an  equal  number  of  degrees 
above  or  below  the  boiling  point ;  it  would  only  be  necessary, 
therefore,  according  to  this  law,  to  have  a  table  for  the  force  of 
tension  of  saturated  steam,  and  to  know  the  boiling  point  of  a 
liquid,  in  order  to  ascertain  the  force  of  tension  of  the  vapour  at 
any  temperature.  The  boiling  point  of  alcohol,  for  instance,  is  78**, 
the  force  of  tension  of  the  vapour  of  alcohol  at  113'',  that  is,  35** 
above  the  boiling  point,  must  be  equal  to  the  force  of  tension  of 
steam  at  135**,  which  is  2280'"",  or  3  atmospheres.  According  to 
this  law,  the  force  of  tension  of  the  saturated  vapour  of  alcohol  at 
0°  would  be  equal  to  lO*"",  because  this  is  the  force  of  tension  of 
steam  at  a  temperature  78*^  below  the  boiling  point  of  water. 
From  the  experiments  of  many  natural  philosophers  it  is  evident, 
however,  that  this  law  is  not  correct. 

The  force  of  tension  of  vapour  increases,  as  we  see,  in  a  far  more 
rapid  ratio  than  the  temperature;  that  is  to  say,  a  deHnite 
elevation  of  temperature  produces  a  far  greater  increase  of  the  force 
of  tension  at  high  than  at  low  degrees  of  temperature.  Thus, 
while  an  elevation  of  temperature  from  IOC  to  121"  (that  is, 
al)out  2V)  increases  the  force  of  tension  of  steam  about  1  atmo- 
s|>here;  it  will  increase  at  an  elevation  from  \2G^  to  230"  (that  is, 
at  only  \(f  more)  about  5  atmospheres,  consequently  between 
226^  and  236",  an  elevation  of  temperature  of  only  2**  would  suffice 
to  raise  the  force  of  tension  of  steam  to  about  1  atmosphere. 

There  arc  two  reasons  for  the.  increase  of  the  force  of  tension  at 
an  increasing  temperature.  Ijct  us  stippoae  some  enclosed  space 
to  be  filled  by  steam  at  IO(y,  that  is,  with  a  vapour  whose  force  of 
tension  equals  1  atmosphere,  and  that  there  is  no  more  water  in 
this  space,  it  being  entirely  precluded  from  ingress.  If  now  the 
temperature  of  this  space  he  raised  121",  the  vapour  will  strive  to 
expand,  and  since  it  will  not  be  able  to  do  so,  itsforceof  tension  will 
increase,  although  not  much  ;  the  vajKiur  will  then  be  no  longer  satu- 
rated, but  quite  in  the  condition  of  a  gas.     If,  however,  there  still 
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remain  any  water  in  this  space,  then,  in  nonaequence  of  the  increase  { 
of  temperature,  a  new  quantity  of  vapour  will  be  formed  of  1  atQio»-^<j 
phcre ;  if,  then,  the  force  of  tension  increases  by  1  atmosphere,  the 
vapour  will  become  denser,  when,   in  consequence  of  its  greater 
density,  it  will  exercise  a  greater  presaurc. 
1  cubic  inch  of  water  yields  : 

1700  cubic  inches  of  saturated  steam  at  lOO' 
897  „  »  „     121 

207  „  „  „     182 

There   arc  liquids  whose  boiling  points  lie  below    the  av« 
temperature  of  the  air,  and  such  bodies  can  of  course  not 
liquid  under  ordinar)'  circumstances,  being  at  the  OAiial  temjicn-^ 
turc,  and  the  usual  pressure  of  the  atmo8])hcre,  in  a  ga«»ou9  fiinn, 
such  gases  must,  therefore,  be  compressed  and  cooled,  in  order  to 
become  liquid.    Thus,  for  instance,  we  iind  sulphurous  scid  atj 
—  l(P,  and  when  rendered  liquid  under  pressure  in   a  glasa  tube, 
its  vapours  exert  a  pressure  of  about  5  atmospheres,  even  at  25*^. 

Cyanogen   gas,  ammonia,  carbonic  acid,  &c.,  also    admit  of] 
being  condensed  into  liquida  by  compression  and  cooling^.     The* 
vapour  of  liquid  carbonic  acid  has  at  C^  a  force  of  tcnBiun  of  3& 
and  at  SO''  a  force  of  tension  equal  to  73  atmospherea. 

The  Steam  Engitte. — Steam  bus,  in  more  recent  times,  as  we  all 
know,  been  used  as  a  moving  force,  and  it  is  owing  to  the  intro- 
duction of  the  steam  engine  that  industry  and  general  intercourse 
among  men  have  made  such  rapid  advances.  Passing  by  iht 
older  forms  of  this  machine,  we  will  at  once  enter  upon  the 
consideration  of  \yatts'  steam  engine.  TIic  cylinder  A  is  »— ^ 
air-tight  below  as  well  as  above,  so  that  the  atmospheric  sir 
cannot  pass  on  cither  side  upon  the  piston  C.  The  steam  which 
is  conducted  from  the  boiler  through  the  tube  Z  of  the  engine, 
enters  the  cylinder  alternately  at  E  and  D.  We  shall  presently 
enter  fully  into  the  manner  in  which  this  alternation  is  produced. 
In  the  position  of  the  engine,  as  seen  in  our  figure,  the  steam 
enters  above  at  E,  The  steam  in  the  lower  part  of  the  cylinder 
escapes  at  i>,  in  order  to  reach  the  condenser  T  through  the  pipe 
Hy  and  is  there  condensed ;  the  steam  presses  above  ujKm  the 
piston  C,  while  below  it  there  is  a  rarefied  space,  the  piston  there- 
fore is  in  the  act  of  descending. 

The  condensation  of  the  steam  in  the  cylinder  on  the  one  side  of 
the  piston  takes  places  by  the  latter  being  brought  into  oonncctioo 
with  the  above-mentioned  condenser;  this  is  the  space   marked 


and  a  condensation  of  tbc  steam  tbuii  effected  ;  but  by  this  mcaua, 
in  accordance  with  the  principles  illustrated  by  Fig.  472  (page 
460),  the  force  of  tension  of  the  ste4iin  is  diminished  in  that 
part  of  the  cylinder  which  is  connected  with  tbc  condenser  j  the 
steam  then  passes  from  the  cylinder  into  the  condenst^,  to  be 
there  condensed. 

Many  contrivances  have  been  proposed  for  making  the  atcain 
enter  the  cylinder  alternately  from  above  and  below,  whilst  the 
steam  escapes  fruui  the  other  side  of  the  piston  towards  the 
condenser.  The  simplest  of  these  arrangements  is  the  cron-coek. 
This  is  perforated,  as  seen  in  Fig.  470.  The  tu1}e  K  leads  to  the 
boilerj  C  to  the  condenser,  O  to  the  npper,  and  V  to  the  lower 
part  of  the  cylinder.     If  the  croB4-cock  l>e  placed  iu  the  position 
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no.  478. 


no.  -179. 


no.  47G.  FiB.  477.         ^  seen  in  Fig.  476,  the  sfeam  irill 

„  o  fl<tw  from  the  boiler  into  the  upper 

part  of  the  cylinder,  whilst  its  tinder  ^J 
part  is  coiuiected  by  the  tubes  ^^| 
and  C,  with  the  condenser.     ^Vhen   ^ 
the  piston  has  penetrated  far  into 
the    cylinder,    the     cro«B-oock     a 
brought,    by    a    half  a   revolntion,    into   the   position    seen    in 
Fig.  477.     Now  the  tuljcs  K  and    U  arc  connected,  the  steam, 
therefore,  enters,  escaping  from  the  upper  part  of  the  cylinder 
through  the  tubes  O  and  C  towards  the  condenser  ;  now,  there- 
fore, there  must  be  an  upward  directed  motion  of  the  piston. 

The  croas-cock  has  not  proved  to  be  applicable  to  larger 
engines,  owing  to  the  impossibiUty  of  nialcing  the  channels  of  the 
ooek  wide  enough  to  admit  of  the  passage  of  the  requisite  quantity 
of  steam.  The  sliding  vaive  is  now  most  generally  made  use  of,  it 
is  applied  to  the  engine  we  has'c  delineated,  and  is  represented  in 
Figs.  478  and  479,  in  its  two  extreme  positions,  being  drawn  on  a 

large  scale.  The  steam  passes 
through  the  tube  Z  to  a  re- 
ceiver, from  which  the  tubes  D 
and  E  lead  to  the  cylinder. 
This  receiver  is  divided  into  two 
separate  spaces  by  means  of  the 
slide  F.  The  middle  portion 
m  of  the  receiver  is  quite  shot 
off  from  the  upper  part  a*,  cad 
the  lower  part  a,  whilst  thcss 
two  spaces  are  themselves  tao- 
nected  by  the  cavity  of  the 
slide.  The  steam  now  flows  from 
the  boiler  into  the  space  ai, 
the  spaces  a  and  a  remaining 
connected  with  the  condenaer. 
If  the  sliding  valve  have  the 
position  of  Fig.  478,  the  «tf«Bi 
will  flow  from  m  through  the  communication  E  from  above,  into 
the  cylindrr;  while  the  steam  passes  uuder  the  piston,  through 
that  of  D  to  Of  and  from  theoce  to  the  condenser.  If,  howvreTf 
the  sliding  valve  lie  iu  the  position  represented  in  Pig.  479,  the 
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strnm  wil!  flow  from  m  throngh  D  from  below  into  the  cylinder, 
the  steam  ubove  the  piston  will  pass  through  E  towards  a',  and 
fram  thence  through  the  «liding  valve  to  a,  and  linftlly  reach  the 
c^milcnser. 

The  ahding  valve  haa  been  represented  in  Fig.  480,  as  seen  in 

the  direction  of  Z,  in  order  that  wc 
may  form  to  ourselves  a  perfectly 
correct  idea  of  its  construction.  The 
uanner  in  which  the  slide  is  drawn 
np  and  down  the  machine,  wUl 
presently  be  further  eonaidcrcd. 

The  condenser  T,  Fig.  475,  stands 
in  a  receiver  partly  tilled  with  cold 
water,  constantly  flowing  into  the 
condenser  from  an  opening  not  visi- 
ble in  our  figure.  The  quantity  of 
the  water  entering,  may  be  increased 
or  diminished  at  will,  by  means  of 
a  cock.  The  water  is  pumped  out 
of  the  condenser  by  the  pump  if. 
As  is  well  known,  more  or  less  air  ia 
always  absorbed  in  all  water,  this  ia 
liberated  in  the  boiler,  and  passeay 
together  with  the  steam,  throngh  the 
engine  into  the  condenser.  In  the 
same  manner,  air  will  be  disengaged  from  the  cold  water  flowing 
into  the  condenser.  The  steam  will  become  condensed,  while  the 
air  will  remain  in  a  gaseous  condition.  This  air  would,  by  degrees, 
accumulate  m  the  condenser,  and  thus  prevent  the  creation  of  a 
vacuum  on  the  one  side  of  the  piston,  if  it  were  not  at  the  same 
time  carried  off  by  the  pump  K,  which  has  on  that  account 
received  the  name  of  an  air-pump. 

By  means  of  this  purap,  the  water  is  carried  from  the  condenser 
into  the  receiver  H,  from  which  it  is  almost  entirely  discharged  by 
the  tube  S.  The  heat  which  was  latent  by  the  eva[>oratinn  of 
the  water  in  the  boiler,  is  again  Uberated  by  the  condensation  of 
the  st<>am  in  the  condenser ;  this  Uberated  heat  raisca  the  tempera- 
ture of  the  cold  water  thrown  into  the  condenser  ;  the  water  carried 
^ through  the  pump  A"  towards  H  is  therefore  warm,  on  which  ac- 
count it  ia  more  advantageous  than  cold  water  for  feeding  the  boiler. 
The  water  required  for  the  boiler  passes  through  the  tube  3f  to  a 
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pnmp,  which  carries  it  through  the  tube  M*.  This  pump,  as  well 
OS  the  air  pump,  is  put  into  motion  by  the  engine  itself;  for 
instance,  the  puuip  rod  L  is  attached  to  the  beam,  and  is  raised  as 
the  piston  C  descends,  and  is  pressed  down  as  the  latter  ascends. 
When  the  piston  of  the  warm  water  pump,  attached  to  the  rod  L, 
rises,  the  suction  valve  v  opens,  and  at  the  descent  of  the  piston, 
the  valve  n. 

On  the  other  side  of  the  beam,  exactly  behind  /*,  there  is 
another  pump  rod,  through  which  cold  water  is  raised  into  the 
tube  7*,  and  brought  through  V  into  the  receiver  containing  the 
condenser. 

Let  us  now  consider  how  the  upward  and  downward  motion  of 
the  piston  C  is  transmitted. 

The  piston  rod  moves,  air  and  steam  tight,  through  the  stuffing- 
box  in  the  middle  of  the  upper  cover  of  the  cylinders ;  being  con- 
nected with  the  end  of  the  beam  by  a  system  of  moveable  rods,  bear- 
ing the  name  of  the  paraUelogram,  The  object  of  this  contri\Tmcc 
is  merely  to  establish  a  perfectly  vertical  motion  of  the  piston  rod, 
which  could  not  be  effected  if  the  rod,  or  handle,  were  fastened 
directly  to  the  end  of  the  balancer;  since  it  would,  in  that  case, 
deviate  alternately  to  the  left  and  right,  and  consequently  so  much 
affect  the  stuiBng-boXj  that  the  air-tightness  would  soon  be 
destroyed. 

The  one  end  of  the  working  beam  is  alternately  drawn  up  and 
down  by  the  piston,  while  its  other  extremity  has  constantly  an 
opposite  motion ;  that  is  to  say,  when  the  piston  C  rises,  the  right 
arm  of  the  beam  goes  down,  and  vtcfi  versA.  The  upward  and 
downward  motion  of  the  beam  is  constantly  changed  into  a 
circular  motion  by  the  connecting  rod  P,  and  the  crooked  handle 
Q.  The  axis  of  this  handle  is  the  main  axis  of  the  nwchine 
which  is  to  be  set  in  motion,  and  around  this  axis  moves  the  fly- 
wheel A". 

The  motion  of  the  piston  C  is  very  irregular.  As  it  conies  to  s 
state  of  rest  at  the  upper  and  lower  end  of  the  cylinder,  and  then 
reverses  its  motion,  it  is  evident  that  it  cannot  perform  its  eonzae 
with  uniform  velocity.  Its  velocity  is  greatest  when  it  passes  the 
middle  of  the  cylinder,  and  diminishes  the  more  it  appioadui 
either  end.  On  considering  the  motion  of  the  handle,  we  ahifl 
find,  that  with  uniform  velocity  of  revolution,  the  motion  in  a  tct- 
tical  direction  is  still  very  changeable.  The  handle  etanda  in  a 
horizontal  position   when  the  piston   C  is  in   the   middle  of   the 
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eylinder,  at  which  moment  the  motiou  of  the  handle  is  in  a 
vertical  directiou  ;  this  motion  inclinesi  howevefj  hohxont&Uy  when 
the  piston  C  attains  its  highest  or  lowest  position.  The  vertical 
portion  of  the  motiou  of  the  handle  in  perfectly  similar  to  the 
motion  of  the  piston,  in  proportion  as  the  motion  of  the  handle 
becomes  more  horizontal,  the  velocity  of  the  piston  diminisheSj 
without  any  diminution  in  the  velocity  of  the  revolving  action  of  the 
handle. 

The  diameter  of  the  path  traversed  by  the  handle  Q,  is  of 
oourae  equal  to  the  height  of  the  cylinder,  allowing  for  the 
thickness  of  the  piston,  provided  that  both  anus  of  the  beam 
are  of  equal  length;  the  length  of  the  arm  of  the  handle  Q  is, 
therefore,  equal  to  half  the  length  to  which  the  piston  can  be 
raised. 

The  fiy-whtel  X  serves  to  maintain  uniformity  in  the  motion 
of  the  engine.  Even  if  the  pressure  of  the  steam  upon  the 
piston  were  quite  invariable,  it  could  not  equally  contribute  to 
the  revolution  of  the  handle  in  all  its  positions.  Tndeed,  wc 
may  consider  the  pressure  acting  by  means  of  the  connecting 
rod  P  upon  the  handle,  as  divided  into  forces  at  right  angles  to 
each  other,  the  one  acting  in  the  direction  of  the  handle  itself, 
as  pressure  upon  the  axis  does  not  contribute  to  produce  revolution ; 
this  is  brought  about  entirely  by  the  force  acting  tangentially  to 
the  curve  of  the  handle.  The  amount  of  these  forces  varies  at 
every  moment.  When  the  arm  of  the  handle  stands  vertically, 
every  pressure  proceedii^  &om  the  piston  acts  solely  and  alone  as 
pressure  upon  the  axis  of  the  curbed  handle.  If  the  engine 
were  to  be  brought  to  a  stand-still  in  this  position,  the  greatest 
pressure  applied  to  the  piston  would  be  unable  to  set  it  in 
motion  ;  the  only  reason,  therefore,  that  the  engine  docs  not  remain 
absolutely  motionless  on  coming  into  this  position  is,  that  the 
individual  parts  of  the  engine  continue  their  motion  by  virtue 
of  the  inertia,  in  the  same  manner  as  a  pendulum  moves  on  by 
virtue  of  its  inertia  when  arrived  at  its  position  of  rest.  When  once 
the  curved  handle  hns  passed  its  vertical  positiou,  that  portion  of 
the  pressure  transmitted  by  P,  and  which  occasioned  the  revolution 
of  the  handle^  is  increased  more  aud  more,  and  attains  its  maximum 
when  the  arm  of  the  handle  is  directed  horieontally.  The  force, 
therefore,  which  turns  the  handle  varies  constantly,  becoming  ntdl 
twice  during  one  complete  revolution,  both  when  the  arm  of  the 
handle  attains  its  highest  and  its  lowest  poaition ;  and,  in  like 
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manner,  it  twice  attains  a  ma:cimiun.  If  we  examine  the  motion 
produced  by  so  variable  a  force,  wc  shall  easily  see  that  it  can 
only  be  alternately  accelerated  and  retarded.  If  the  circle  repre- 
sented in  Fig.  481  exhibit  the  path  described  by  the  handle,  we 
riG.  4S1.  shall  perceive  that  an  acceleration  of  motion  will  take 
place  from  h  to  d,  because  here  the  moving  force 
will  act  with  the  greatest  energy.  The  motion  accu- 
mulated, as  it  were,  in  the  parts  of  the  machine 
must,  however,  diministh  as  the  arm  of  the  han<l]c 
moves  from  d  to  /,  because  the  moving  force  has  in 
the  mean  time  become  very  weak,  and  even  absolutely  null^  and 
thus  a  retardation  is  caused  of  motion  by  these  hinderaneea ;  on 
the  way  from  f  to  h  it  is  again  accelerated,  and  again  retarded 
frouk  A  to  b. 

These  alternations  in  the  motion  of  the  cuned  handle  lie  in  the 
nature  of  things,  and  cuanot  be  wholly  avoided.  The  differences 
between  the  greatest  and  the  least  velocity  become,  however^ 
smaller  in  proportion  to  the  magnitude  of  the  inert  mass  to  be 
moved ;  by  means  of  a  aufficiently  large  balance  wheel,  we  may 
render  these  differences  in  the  velocity  of  revolution  so  ineonsidc^ 
rably  small,  as  to  exercise  no  further  injurious  influence.  The 
force  acting  on  the  part  from  b  to  rf,  and  more  strongly  from  f  t 
A,  cannot  effect  any  marked  increase  of  velocity,  as  it  must  tnorc 
very  considerable  inert  mass ;  as,  however,  a  considerable  quantity 
of  motion  is  accumulated  in  the  balance  wheel,  the  decrease  in  th<r| 
quantity  of  motion,  as  the  handle  passes  from  d  to  f,  or  from 
k  to  h,  is  not  sufficiently  great  to  occasion  a  perceptible  diratno- 
tion  of  velocity. 

The   balance  wheel  thus  equalises  the  irregularity  of   motion 
inherent  in  the  arrangement  of  the  engine.     The  work   which 
steam  engine  may  have  to  perform,  be  it  of  what  kind  it  maVj 
never   opposes  an    abRolut^-ly  uniform  resistance   to  the   mi 
force  ;   and    this   would  occasion  irregularity  in  the  working 
the  whole  engine,  were  it  not  otherwise  rendered  uniform  by  the] 
balance-wheel. 

As  the  work  to  be  performed  by  the  engine,  that  is,  the  rosis* 
tance  to  be  overcome,  increases  or  diminishes,  the  going  of  the 
engine  will  become  quicker  or  slower.  Momentary  disturbanoes 
of  this  kind  will  be  equalised  by  the  balance  wheel,  while  an 
universal  diminution  of  the  resistance  and  the  load  would  be 
followed,  provided  the  afflux  of  steam  remained  the  same,  by  a 


a 


THE    STEAM    EUTOIVE. 


461 


continoally  increasing  acceleration  in  the  motion  of  the  engine. 
Id  urder  tliat  the  velocity  may  not  exceed  certain  liinitSj  a  valve 
must  be  attached  to  the  steam  pipe^  in  order  that  the  ingress  of 
steam  may  be  mure  or  less  retarded,  according  as  the  valve  passes 
more  and  more  from  the  horizontal  position  (that  of  perfect 
Bperture)j  to  the  vertical  (that  of  perfect  closure).  The  turning  of 
this  \alve  must,  however,  be  effected  by  the  engine  itself,  and 
this  is  done  by  means  of  an  apparatus  termed  the  retjulutor. 

A  somewhat  tense  string  i  passes  round  the  rotating  axis  of 
the  balance  wheel  over  a  vertical  wheel  o.  Fig.  482,  in  such  a 

no.  482. 
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niiiniu  I-  thai  the  wheel  o  is  ihhlI.'  t*.  roUte  by  the  revolution  of  the 
principal  axis.  A  vertical  conical  wheel  is  fastened  to  the  axis  of 
the  disc  c,  whose  teeth  work  into  a  similar  wheel  placed  hori- 
zontally, and  which  is  thus  made  to  rotate  on  its  vertical  axis, 
i  This  axis  is  prolonged  into  a  rod,  to  the  upjicr  cud  of  which  the 
conical  jwndulum  V  is  attached. 
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The  pendulum  V  consists  of  two  heavy  bftlls  so  fnatened 
upj»cr  end  of  the  vertical  rod  that  by  its  rapid  rotation  the  ba]I« 
fly  apart,  owing  to  their  centrifugal  force.  The  rods  to  which  the 
balls  are  attached  are  connected  by  means  of  a  nut  h  surrounding 
the  vertical  rod.  The  nut  A  is  raised  up  as  soon  as  the  bulls  fly 
apart ;  and  by  this  motion  of  A  the  angtdar  lever  r  s  a  is  turned 
round  the  axis  «,  the  rod  a  b  drawn  towards  the  right  side,  by; 
which  the  angular  lever  h  c  d  x-i  turned  round  the  axis  c,  and  the 
rod  e  d  thus  finally  drawn  down  j  but  as  e  is  the  extreme  point  of 
a  lever  arm,  the  rotating  axis  of  which  is  the  axis  round  which  the 
valve  mores  in  the  tube  Z,  the  valve  ia  closed  by  this  point  e 
being  drawn  down.  The  whole  lever  system  of  which  we  have 
been  speaking  here  ia  only  represented  in  outline  in  our  Figure, 
it  being  placed  on  the  front  side  of  the  engine,  and^  therefoi 
really  not  visible  from  the  point  of  view  in  our  sectional  delin 
tiou  of  the  engine. 

The  working  of  the  cross-cock,  or  the  raising  and  lowering  of 
the  shding  valve,  in  short,  the  motion  of  the  apparatus  whidi 
serves  to  conduct  the  steam  alternately  to  the  upper  and  lower 
part  of  the  cylinder  must  be  effected  by  the  engine  itself.  The 
instrument  by  which  this  motion  is  produced  ia  designated  the 
governor. 

The  most  important  external  portion  of  the  ^ovrmor,    is  the 
eccentric  dute,  indicated  in  our  Fig.  482  by  the  letter  y.     This  is  %, 
circular  metallic  plate  fastened  to  the  axis  of  the  fly-wheel,  w' 
central  point  does  not,  however,  corresjwnd  with  the  central  ])oi 
of  revolution,  as  may  be  more  plainly  seen  in  Fig.  483.     Du, 

no.  483. 


'B| 


every  revolution  of  the  axis  the  central  point  of  the  eccentric  di«c 
describes  a  circle.  A  ring  passes  around  the  circumference  of 
the  eccentric  disc,  prolonged  towards  the  one  side  into  a  rod, 
whose  end  tits  at  T  into  a  lever  arm  rcvolvhig  round  a  fixed  axis  F, 
The  distance  of  the  centre  of  the  eccentric  disc  from  T  varies^ 
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the  lever  arm  F  T  passes,  and  returns  to  the  position  seen   in 
Fig.  ^H-l-,   during  each  entire  revolution  of  the  main  axis;  the 
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rhord  of  the  one  described  in  this  manner  by  the  point  T  is, 
however,  evidently  equal  to  the  diameter  of  the  circle  described  by 
the  central  |>oint  of  the  eccentric  disc. 

The  axis  of  F  pusses  through  the  whole  width  of  the  machine, 
as  may  he  phunly  seen  iu  Fig.  485,  where  this  axis  is  represented 

at  its  fidl  length.  To  this  axis  arc 
attached  two  ptTfcctly  equal  and 
parallel  lever  arms  N,  on  either  side 
of  the  receix'er,  in  which  the  sliding 
valve  is  inclosed.  Fig.  483  exhibits 
only  one  of  these  in  its  true 
form,  while  both  arc  seen  fore- 
shortened in  Fig.  485.  To  each  of 
these  lever  arms  a  vertical  bar  M, 
directed  upwards,  is  secured,  being 
connected  at  the  top  by  a  horizontal 
transverse  bar  Q,  supporting  in  its 
centre  the  bar  R,  to  which  the  sliding 
valve  is  attached.  This  rod  paaaes, 
air  and  steam-tight,  through  a  stuff- 
ing-box into  the  receiver  of  the 
sliding  valve.  The  motion  of  the 
lever  N  produces,  by  means  of  the 
rods  M,  an  alternate  raising  and 
lowering  of  the  transverse  rod  Q, 
by  which  the  sliding  valve  is  al«o  raised  up  and  down. 

Let  us  now  consider  the  influence  CKereised  by  the  removal  of 
the  condenser.  If  the  steam  act  on  the  one  side  of  the  pistoo 
with  a  force  of  tension  of  one  atmosphere,  while  the  part  of  the 
rylinder  lying  on  the  other  side  is  in  connection  with  the  air,  and 
not  with  the  condenser,  the  prcsaure  of  the  iteua  on  the  one  side 
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of  the  piston  will  be  equal  to  the  pressure  of  the  Rtmosphcric  ail 
the  other  side^  and,  consequently,  there  can  be  no  motion,  i 
order  to  produce  this,  it  is  necessary  to  raise  the  force  of  teiu 
of  the  ateam.  Provided  this  have  been  made  equal  to 
pressure  of  two  atmospheres,  the  effect  will  be  precisely 
same  as  if  there  were  a  vacuum  on  the  one  side  of  the  pid 
while  the  steam  pressed  upun  the  other  side  with  the  force 
tension  of  one  atmosphere ;  the  half  of  the  effective  power  of 
steam  being  thus  lost  in  overcomiug  the  resistance  of  the  air.  i 
the  moving  steam  bad  actually  a  force  of  tension  equal  to  3,  -Ij 
&c.  atmospheres,  i,  \,  or  -f,  &c.  of  this  power  would  be  lo^ 
overcoming  the  resistance  of  the  air  if  there  were  no  conden 
The  greater,  therefore,  the  force  of  tension  of  the  steam  ad 
in  the  eugine,  the  less  will  be  the  loss  of  power  in  o 
coming  atmospheric  resistance  where  there  is  no  condenser. 
therefore,  the  steam  that  is  to  move  the  engine  has  only  a  £ 
of  tension  equal  to  one  atmosphere,  or  but  a  little  more,  a  < 
denser  will  be  indispensably  necessary  j  if,  howeverj  the  fora 
tension  of  the  effective  steam  be  greater,  the  engine  mayj 
without  a  condenser,  the  advantage  of  which  will  diminish  in  j 
portion  to  the  increase  in  the  force  of  tension  of  the  mo^ 
steam.  The  resistance  which  has  to  be  overcome  in  the  mot 
of  the  condensing  pump  (air-pump),  exhausts,  however,  alt 
portion  of  the  power  of  the  steam.  Thus,  at  a  certain  auiouq 
steam  pressure  the  advantages  afforded  by  the  condenser 
again  counteracted  by  the  resistauce  of  the  au'-pump ;  | 
consequently,  in  this  case  it  is  quite  immaterial  whether  or 
we  use  a  condenser.  In  engines  worked  by  steam  of  still  stroif 
force  of  tension,  the  condenser  is  more  disadvantageous  tj 
the  cuntrar}*,  and  in  such  apparatus  it  is,  therefore, 
omitted. 

Such  steam  engines  as  are  worked  with  a  condenser  an? 
hw  pressure  engineSf   while  those  that  have   no  condensers 
termed  high  pressure  engines. 

High  pressure  engines  arc  more  simple  in  their  cons 
than  those  of  low  pressure,  owing  to  the  absence  of  a  condci 
and  air-pump,  and  the  former  may  be  used  of  much  snni 
dimensions  than  the  latter,  and  yet  produce  the  same  result  ; 
the  combined  pressure  of  steam  having  a  force  of  tension  cqu^ 
4  atmomplKTes  acting  upon  a  surface  of  1  square  foot,  it*  as  g| 
as  the  cumbmed  pressure  of  steam  with  a  force  uf  tension 
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1  atmosphere  acting  upon  a  surface  of  4  square  feet.  From  these  ] 
causes,  high]  pressure  engines  are  used  wherever  it  is  desirable  to  1 
u«e  an  engine  of  considerable  force  in  a  small  compass. 

One  of  the  best  known  and  most  interesting  high  pressure 
engines  is  the  Locomotive  used  on  railroads.  See  Fig.  486,  | 
A  is  the  furnace  :  the  fuel  is  thrown  upon  the  grate  through  the  j 
opening  o,  which  may  be  closed  by  a  door.  There  is  no  escape  fo 
the  heated  air  from  the  furnace,  excepting  through  a  series 
horizontal  tubes,  leading  from  A  i.o  D ;  from  D  the  heated  air" 
passes  with  the  smoke  out  at  the  chimney.  In  Fig.  ^7  wc  see 
how  these  tubes  lie  abi>ve  and  beside  each  other.  These  tubes  are 
carried  through  a  space  filled  with  water,  besides  which  the 
furnace  itself  is  enclosed  on  all  sides  by  water.  From  the  extra- 
ordinarily large  surface  with  which  the  water  is  in  this  manner^ 
brought  into  contact,  a  considerable  quantity  of  steam  ia  fonuedV 
at  every  moment.  The  steam  ia  collected  over  the  water  in 
the  space  marked  B  and  C ;  and  from  C  it  is  carried  through 
the  tube  c  to  the  cylinder.  If  the  mouth  of  the  tube  c  were 
situated  ver)'  low  down,  a  large  quantity  of  water  would  by  the 
violent  boiling  be  mechanically  carried  into  the  tube  c,  and  from 
thence  into  the  cylinder.  To  prevent  this,  the  steam  chamt 
at  C  is  elevated.  The  tube  c  soon  branches  off  into  two  tul 
d  and  d'^  as  may  be  plainly  seen  in  Fig.  489.  In  Fig.  488  the 
is  only  one  of  these  tubes  visible,  yii,  d»  Each  leads  to  a  receive 
f,  from  which  the  steam  enters  the  cylinder  F.  On  cither  sid 
Ues  a  cylinder  as  seen  in  Fig.  489 ;  Fig.  488  cihibits  only  one, 
the  front  one  of  these  cylinders.  It  is  represented  lengths 
here,  the  surface  of  the  section  does  not,  however,  correspond  with' 
the  whole  of  the  remaining  figure,  but  lies  in  front  of  it.  The 
cyhuders  lie  horizontally,  and  the  piston,  together  with  the  pisto^| 
rods,  passes  backwards  and  forwards  in  a  horizontal  position.  Two 
passages  run  to  cither  end  of  the  cjlinder  from  the  receiver  i,  to 
which  the  steam  is  conducted  by  the  tubes  c  and  d.  On  the 
lower  aide  of  the  receiver  i,  a  slide  moves  backwards  and  forwards, 
and  forms  at  the  middle  a  box  o  which  opens  downwards.  The 
position  indicated  in  Fig.  486  shows  both  passages  closed  bv 
means  of  this  slide.  If  we  suppose  this  to  be  so  far  moved  to 
the  left,  that  the  passage  to  the  Icil  instead  of  being  dcMed, 
opens  into  the  cavity  o,  that  to  the  right  will  be  brought  into 
connection  with  the  steam  reservoir  i ;  in  this  position  of  the  ihde 
the  steam  will  enter  on  the  right  side  into  the  cylinder  P 
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consequently,  drive  the  piston  to  the  left,  whilst  the  steam  will 
paaa  from  the  left  aide  of  the  pi«ton  through  the  passage  to  the  left 
into  the  box  o,  and  from  thence  to  the  ehimney  through  the  tubes 
p  and  q.  If,  however,  the  slide  were  pushed  to  the  fullest  extreme 
towards  the  rigfht,  the  steam  would  flow  from  i  through  the  passage 
to  the  left  into  the  cylinder^  escaping  on  the  other  side  to  the  right^ 
through  the  passage  into  the  box.  ^| 

The  piston  rod  is  secured  by  so-called  conneeting  rods,  that  is,  it 
is  prevented  by  this  means  from  deviating  from  its  course,  and  is 
thus  only  able  to  pass  to  and  fro  in  the  same  straight  line.  To 
the  piston  rod  is  immediately  attached  the  driving  rod,  which^ 
turns  the  crank  n  round  its  axis  m.  The  middle  wheels  of  theV 
engine  arc  also  fastened  to  the  axis  m,  so  that  by  each  moremcnt  of 
the  piston,  a  complete  revolution  of  the  wheel  is  effected  ;  thus,  at 
every  forward  and  backward  movement  of  the  piston,  the  cng;ine  is 
propelled  a  distance  equal  to  the  circumference  of  the  middle 
wheels. 

To  this  axis  m  is  likewise  attached  the  eccentric  disc,  by  which 
the  slide  in  the  receiver  i  is  moved.  As  may  be  seen  in  our 
Figure,  the  x  shaped  extremity  of  the  rod  fastened  to  the  ring 
of  the  eccentric  disc  grasps  the  upper  part  of  the  lc\'cr,  whose 
fulcrum  is  at  s.  By  the  motion  of  this  lever,  the  ban  / 
fastened  to  it  are  moved  to  and  fro,  and  with  thera  the  slide.  h 

By  the  raising  of  the  lever  Nj  the  x  shaped  extremity  of  th«| 
bar  is  pressed  down,  and  a  retrograde  motion  thus  imparted  to  the 
locomotive,   but   here  we  must  end  our   description,  as   we  are 
unable  to  pursue  it  in  detail.     H  and  L  are  safety  valTes,   /  h 
the  steam  whistle. 

The  effect  which  a  steam  engine  is  capable  of  producing,  that  is, 
the  power  of  the  machinej  depends  upon  the  quantity  of  water 
which  in  a  given  time  can  be  converted  into  ateam  in  the  boiler ; 
let  U8,  therefore,  examine  into  the  action  which  a  litre  of  water 
can  produce  when  converted  into  steam.  If  wc  assume  that  thft 
Burfaee  of  the  piston  is  1  square  decimetre,  and  the  height  of  tlM 
cylinder  (the  height  to  whicb  the  piston  can  be  raised)  it 
10  decimetres,  the  contents  of  the  cyUndcr  will  be  10  cubie 
decimetres,  or  10  litres;  in  order,  therefore,  to  drive  the  piston  to 
the  top,  10  litres  of  steam  must  pass  from  the  boiler  into  the 
cylinder.  If  now  the  steam  has  a  force  of  tension  equal  to 
1    atmosphere,   the  pressure  exercised    upon  every  sqtiare    centi- 


metre  of    the    surface   of    the   piston    is    about   1    kilogranuDe, 
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and  the  combined  pressure  upon  the  whole  piston^  consequently, 
100  kiJogramnies ;  if,  therefore,  there  existed  no  impediments  to 
motion,  wc  might  load  the  piston  with  100  kilogrammt^,  and  this 
weight  would  be  liAed  10  decimetres,  if  we  conducted  10  litres  of 
steam  at  100^'  into  the  cj'Iinder.  The  effect,  therefore,  that  can 
be  produced  by  10  litrca  of  steam  at  100*',  is  capable  of  raising 
1(X)  kilogrammes  to  the  height  of  10  decimetres,  or  of  raising 
1000  kilojorammcB  to  a  height  of  1  decimetre.  A  litre  of  water 
yields,  however,  1700  litres  of  steam  at  lOO'';  with  1  litre  of  water, 
therefore,  when  converted  into  steam,  we  may  produce  an  effect 
capable  of  raising  170,000  kilogrammes  to  the  height  of  1  decinictR'. 

In  order  the  better  to  calculate  th«  power  of  an  engine,  it  is 
usual  to  compare  them  with  horse-juxwer.  If  we  assume  that  one 
horse  is  able  to  raise  750  kilogrannnca  to  the  height  of  1  deci- 
metre in  one  second  of  time,  (the  best  observations  on  the  labour 
of  horses,  and  the  profitable  application  of  their  |iowers,  yield 
a  result  equivalent  to  the  ubove-uauicd),  we  should  say,  that  an 
engine,  in  which  sufficient  ste^m  was  formed  cverj-  second  to 
raise  750  kilogrammes  to  the  height  of  1  decimetre,  (or  SS*^  lbs. 
to  the  height  of  1  foot,)  was  a  one-horse  power  engine. 

But  the  steam  obtained  from  I  htre  of  water  will  be  capable  of 

raising  170,000  kilogrammes  to   the  height  of  1  decimetre;    if, 

therefore,  1  litre  of  water  be  converted  into  atcam  in  the  boiler 

170  000 

'  consequently  in  226  seconds,  the  total  effect  which 


in 


750 


the  steam  in  this  engine  can  produce,  is  equal  to  one-horse  power, 
A  machine  of  this  kind  consumes,  therefore,  about  15  btres  of 
water  in  an  hour. 

All  the  mechanical  power  of  steam  cannot,  however,  be  reckoned 
u  available.  Much  is  lost  owing  to  the  pixton  not  acting  in  an 
abiolute  vacuum,  to  the  friction  of  the  piston  to  be  overcome,  and 
the  number  of  pumps  that  must  be  set  in  motion,  &c.  All  these 
resistances  diminish  the  available  effect  of  the  machine  to  almost 
the  half  of  the  calculated  |)0wer. 

Great  advantage  has  been  obtained  in  the  high-pressure  engines 
by  the  ap|»lication  of  the  cipimsion  of  the  steam  in  the  cj-linder, 
which  is  effL-ctcd  by  cuttmg  off  the  afflux  of  steam  from  the 
boiler  into  the  cylinder,  when  the  piston  has  traversed  4,  or 
J,  &c.,  of  its  course.  Tliat  a  greater  effect  cnn  In-  produced  with 
an  equal  expenditure  of  ntcam  by  the  application  of  the  principle 
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of  cxpausion,  uiay  be  perceived  by  the  following  simple  conside- 
rationa. 

If,  during  the  whole  time  in  which  the  piston  is  rising,  steam 
pours  into  the  steam  eylinder,  (aa  is  generally  the  case  in 
ordinary  cugiuea),  having  a  power  of  tension,  which  we  will 
assume  to  be  equal  to  2  atmosphercu,  the  whole  cyUndcr,  when  the 
piston  is  quite  raised,  will  be  filled  with  steam  having  a  power 
of  tension  equal  to  2  atmosjihcrcs;  and  during  the  time  the  piston 
is  being  raised,  there  will  be  a  mechanical  effect  produced,  which 
we  will  designate  as  E. 

If  now  we  suffer  steam  of  double  the  force  of  tension,  that  is, 
equal  to  4  atmospheres,  to  enter  the  cylinder,  the  pressure  against 
the  piston  will  be  twice  as  great,  and  the  mechanical  effect  B 
will  be  produced  when  the  piston  is  only  half  raised;  that  isy 
when  it  reaches  the  middle  of  the  cylinder.  If  at  this  mumeat 
the  further  afflux  of  steam  to  the  cylinder  be  prevented,  the 
piston  will  continue  the  rest  of  its  course,  whilst  the  pressure 
acting  upon  it  will  diminish  by  degrees  to  the  half;  and  when  it 
reaches  the  end  of  its  course,  the  force  of  tension  of  the  steam 
will  still  be  equal  to  2  atmospheres. 

Since  during  the  tirst  half  of  the  ascent  of  the  piston,    the 
mechanical    effect   E  is   already  produced,  then  the  whole  effect 
which  the  steam  produces  during  the  second  half  of  the  piston's 
ascent  while  so  cxpundtug,  that  its  tension  diminishes  from  4  to  2 
atmospheres,  may  he   considered   as    gain ;    for   the  quantity  44H 
steam  tilling  the  cylinder  at  the  close  of  the  piston's  motiofn  ii^' 
precisely  as  large   as   if  steam  having  a   force  of  tension    of  tS 
atmospheres  had  flowed  in  while  the  piston  was  completing  its^|| 
motion.  ^1 

The  steam  is  generally  cut  off  by  means  of  a  special  expan- 
sion-slide. In  ordinary  machines  the  steam  flows  froni  the  boiler 
directly  into  the  chamber,  in  which  the  sliding  valves  move,  to 
admit  of  the  entrance  of  the  steam,  first  to  the  one  and  thea  to  the 
other  side  of  the  piston  ;  we  will  call  this  chamber  a. 

In  expansion  engines  there  is  usually  in  front  of  this,  another 
chamber,  b;  in  the  plate  between  b  and  a  there  is  an  opening, 
through  which  the  steam  passes  from  b  to  a;  this  opening  cas 
be  closed  at  the  proper  times  by  a  second  slide  at  b.  The  motioa 
of  this  expansion -slide  is  effected  by  a  properly  placed  eccentnc 
disc  in  the  same  manner  as  the  motion  of  the  sliding  valves. 
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The  conversion  of  fluids  into  gaseoua  bodies  is  commonly  termed 
evaporation.  Liquids  can  either  be  evaporated  by  boiling,  when 
vapours  are  formed  throughout  the  whole  mass,  or  by  e^cbalatioDj 
when  the  formation  of  vapour  is  limited  to  the  surface  of  the 
liquid. 

On  observing  the  boiling  of  a  liquid,  we  generally  see  a  more  or 
leas  energetic  motion  pervading  all  the  particles ;  but  if  the  liquid 
be  boiled  in  a  glass  vessel,  we  may  observe  bubbles  of  steam 
formed  at  the  warmer  sides  of  the  vessel  and  rise  to  the  top. 
Although  at  first  small,  they  soon  increase  in  volume  as  they  rise. 
Tlie  bubbles  succeed  each  other  moat  rapidly  at  the  hottest  parta 
of  the  side.  In  order  that  bubbles  may  be  formed  in  the  liquid, 
which  exercises  a  pressure  upon  them  from  all  sides,  the  steam 
expanding  them  must  have  a  force  of  tension  equal  to  the  pressure 
surrouuding  them.  The  first  condition  of  boiling  is,  therefore, 
that  the  temperature  be  sufficiently  high  to  enable  the  force  of 
tension  of  the  steam  to  sustain  the  pressure  acting  from  all  sides 
upou  the  bubbles  of  steam.  A  second  condition  is,  that  eufficicut 
heat  be  present  to  be  absorbed  as  latent  beat  during  the  formation 
of  steam. 

From  the  first  condition,  it  follows  that  the  boiling  point  of  a 
liquid  varies  with  the  pressure  on  it ;  and  from  the  second,  that 
the  rapidity  of  boiling  depends  on  the  amount  of  heat  which  can 
be  conveyed  in  a  given  time  through  the  sides  of  the  vessel  to  the 
liquid. 

At  the  level  of  the  sea,  and  at  the  mean  pressure  of  760*", 
pore  water  boils  at  \00f^;  on  the  summit  of  Mont  Blanc,  at  an 
elevation  of  4775  meters,  where  the  pressure  of  the  atmosphere 
amounts  only  to  417"",  water  boils  at  a  temperature  at  which  the 
force  of  tension  of  steam  is  417"";  that  is,  at  ab<mt  84".  At 
•till  greater  elevations,  water  would  boil  at  lower  temperatures. 
If  we  have  a  table  of  the  force  of  tension  of  the  vapour  of  a 
liquid,  we  may  easily  find  the  temperature  of  the  boiling  point 
at  a  given  pressure;  for  it  is  the  same  degree  of  temperature 
at  which  the  force  of  tension  of  the  saturated  vapour  is  equal  to 
that  pressure.  We  may,  conversely,  bring  a  liquid  at  any  given 
temperature  to  the  boiling  point,  by  sufficiently  diminishing  the 
pressure. 

At  a  pressure  of  30*",  for  instance,  the  boiling  tcmpemture  of 
water  is  30^  because  at  this  temperature  the  force  of  tension  of 
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the  saturated  steam  ia  30"".     Under  a  pressure  of  lO"^  water 
boils  at  11",  aud  under  a  pressure  of  5™"'  at  0". 

The  truth  of  these  data  may  be  shown  by  cx]>criment.  Water  al 
SO**  must  be  put  in  a  glass  vessel  under  the  cidkausted  rvccivcr  of 
the  air-pump :  after  a  few  strokes  of  the  piston  tiie  barometer  gu^ge 
will  shew  a  pressure  only  of  30""",  and  the  boiling  will  the«  begin 
with  the  same  energy  as  if  the  water  stood  in  the  open  air  over  a  hot 
fire.  This  boiling,  however,  will  soon  cease,  because  the  receiver 
will  be  tilled  with  steam,  which  ynW  press  upon  the  hquid; 
another  stroke  of  the  piston  will  soon  remove  this  steam,  and  cau^e 
the  boiling  to  recommence.  It  is  not  jiossible  in  our  air-pum]>s 
to  make  water  boil  at  0",  as  no  rarefaction  of  50""*  can  be  pro- 
ducedj  owing  to  the  continual  re-fonnation  of  steam  on  the  surface 
of  the  water. 

In  the  apparatus  seen  in  Fig.  490,  we  observe  an  anali^ona, 
no.  490.  but  still  more  striking  [jhenomeuon.  A  balloon 
with  a  long  neck  a  is  half  tilled  with  water;  when, 
by  the  boiling  of  the  liquid  all  the  uir  has  bees 
driven  out,  the  neck  is  closed  by  a  cork,  and  the 
balloon  inverted,  as  seen  in  Fig.  490.  When  left  to 
itself  we  jierccivc  no  ebullition,  but  as  soon  as  cold 
water  is  poured  upon  the  part,  the  water  begins  to 
boil  with  energy.  This  is  owing  to  the  stcau 
being  condensed  in  the  upper  part  of  the  ballooa* 
and  the  prcssiu%  on  the  liquid  being  thus  dimi- 
nished. 

The  variations  in  the  boiling  |>oint  have  beea 
confirmed  by  direct  experiments  made  at  elevated  districts  in  the 
Alps,  the  Pyrenees,  aud  other  mountain  ranges. 

Boiling  water  is  consequently  not  equally  hot  at  all  plmcea  on 
the  earth,  and,  therefore,  not  everywhere  alike  ap]>Ucablc  to  domeatic 
purposes,  aud  the  preparation  of  food.  At  Quito,  for  inatanoc, 
water  boils  at  90*^,  and  this  temperature  ia  too  low  for  boiling 
many  substances  which  require  a  temperature  of  100". 

As  the  barometer  conntautly  varies  at  one  aud  the  same  place, 
it  follows  that  the  boiling  point  varies  also. 

if  we  increase  the  pressure  on  fluids,  we  find  that  their  ebullitioa 
is  retarded,  and  we  may  even  prevent  this  entirely  if  we  make  the 
pressure  sufficiently  strong.     This  is  the  case  with  the  ap|HUikvl^{ 
known  by  the  name  of  Papin's  Diffestor,  see  Fig.  491.    By  aicana  of 
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no.  491.  ^'*'*»  water  may  Ik'  heated  to  a  very  high  tcmjxjra- 

rturc  without  boiling.  The  apparatus  consists  of 
a  cyhndricft]  vcasel  of  iroo,  or  still  better^  of  brass 
vr  copper,  the  sides  of  which  are  cajwble  of  sus- 
laiuiug  a  very  considerable  dc^ce  of  pressure. 
The  opening  is  provided  with  a  safety-valvcj  which 
can  l>c  closed  and  loaded,  so  that  it  shall  require 
a  pressure  of  from  40  to  50  atiuouphcres  to  raise 
it.  lJ«:(iliug  is  rendered  inipoaaible,  as  the  steam 
which  is  above  the  liquid  is  luiable  to  escape,  and 
consequently  exercises  a  sufficiently  strong  pressure  to  prevent  it. 
As  soon  as  the  valve  is  0]K'ncd,  the  steam  issues  with  great  force ; 
the  temperature  of  the  vessel  falls,  however,  simultaneously,  as  all 
the  heat  which  had  been  combined  is  given  o6f  at  onc<:  by  the 
energetic  formation  of  steam. 

This  digcstor  was  invented  in  the  middle  of  the  17th  century  by 
Pttpin^  a  learned  man,  residing  at  Marburg  and  Cassel.  It  served 
for  a  number  of  remarkable  experiments,  partly  to  pmve  the 
mechanical  force  of  steam,  and  partly  to  show  the  solvent  force  of 
wat«r  when  heated  above  100".  People  learnt  with  astonishment 
that  as  nutritious  a  substance  might  be  drami  from  bones  as  from 
the  most  juicy  jwrtiona  of  the  muscle. 

On  causing  water  to  boil  in  a  vessel  from  which  the  steam  can 
only  escape  through  a  proportionately  small  opening,  we  obflcrve 
an  elevation  of  the  boiling  point.  All  the  steam  that  haa  been 
formed  by  the  heat  |Msaing  every  moment  into  the  liquid  can  only 
escape  through  a  small  opening,  if  a  greater  rapidity  of  motion 
has  btrn  imparted  by  the  greater  force  of  tension  of  the  steam. 

Not  only  the  steam  pressing  upon  the  surface  of  a  liquid  mass, 
but  likewise  the  weight  of  the  column  of  liquid  acts  upon  the  par- 
ticles in  the  interior.  If,  for  instance,  we  had  a  braler  tilled  to  a 
height  of  32  feet  with  water,  a  pressure  of  2  atmospheres  would 
act  upon  the  bottom,  and  here,  consequently,  steam-bubbles  would 
be  formed  at  a  temiM-rature  of  121,4**.  But  as  the  temperature  of 
the  liquid  mass  on  the  siufacc  cannot  rise  above  100*^,  the  hquid 
will  constantly  ascend  from  the  bottom,  owing  to  its  lesser  spccitic 
weight.  As  the  pressure  decreases  with  the  ascent,  stcaiu -bubbles 
are  formal ;  but  their  temperature  decreases,  however,  from  121** 
to  100^.  These  bubbles,  which  arc  formed  at  the  bottom  of  the 
vessel,  inerease  in  siic  as  they  rise,  owing  to  thi;  pressure  acting 
upon  thfin  becoming  continually  less.     These  phenomena  may  be 
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observed  even  in  small  vesaela,  in  which  the  water  only  amounts  to 
a  few  inches  in  depth.  Before  perfect  ebullition  has  been  esta- 
blished, bubbles  of  steam  are  formed  at  the  bottom ;  which^  how- 
ever, arc  condensed  on  their  ascending,  owing  to  their  entering 
layers  of  water  whose  temperature  is  too  low.  Hence  arises  the 
peculiar  sound  which  we  perceive  some  minutes  before  perfect 
boiling  has  commenced.  On  making  the  experiment  in  a  glas 
bulb,  we  may  observe  how  bubbles  arc  formed  at  the  bottom,  how 
they  ascend,  and  then  disappear ;  and  we  then  say  the  water  ting: 
This  singing  is  a  sign  that  the  water  will  soon  be  in  a  state  of 
perfect  ebullition. 

Boiling  is  likewise  retarded  by  substances  which  are  dissolved  in 
the  water ;  thus  a  saturated  solution  of  common  salt  brine  boiU  at 
108;4",  a  solution  of  saltpetre  at  IIS*^,  a  saturated  solution  of  ace- 
tate of  potass  at  169^^,  of  nitrate  of  ammonia  at  ISC'*. 

Evapwation  is  the  term  applied  to  the  formation  of  vapour  oai 
the  free  surface  of  a  bquid ;   whilst,  as  we  have  seen,  ebtdUtum 
consists  in  vapour  being  formed  in  the  interior  of  the  liquid  mass. 
Water  evaporates  from  the  surface  of  rivers,  lakes,  and  seas,  and 
the  surface  of  the  damp  ground  and  plants.     The  vapour  has  here 
eWdently  too  inconsiderable  a  force  of  tension  to  overcome  the 
pressure   of  the   atmospheric   air.      Daily  observation   shows   ua  ^| 
that  vapour  is  formed  at  every  degree  of  temperature,  and  that  it  ^" 
distributes  itself  through  the  air  even  at  the  weakest  degree  of 
tension.     It  was  formerly  assumed  that  a  chemical  affinity  existed 
between   the  molecules  of  the  air  and  those  of  vapour   was  the 
cause  of  this  phenomenon ;  we  have  seen,  however,  that  there  is  no 
need  of  having  recourse  here  to  chemical  forces.     The  steam  of 
water,  be  its  force  of  tension  ever  so  inconsiderable,  mixes  with  the 
air  the  same  as  two  gases  mix.     The  only  condition  necessary,  there- 
fore, for  the  evaporation  of  a  liquid  is,  that  the  surrounding  layen 
of  air  be  not  saturated  with  vapour;  as  further,  in  the  mixture  of  tm  ^ 
gases,  the  molecules  of  the  one  form  a  mechanical  impediment  to  ^| 
the  distribution  of  those  of  the  other,  the  air  acts  as  a  hinderancc 
in  evaporation  to  the  rapid  dispersion  of  the  vapour.     In  a  per- 
fectly calm  atmosphere,  therefore,  evaporation  goes  on  very  slowly, 
whilst  it  progresses  rapidly  in  an  agitated  state  of  air,  the  liquid 
then  comes  continually  into  contact  with  new  layers  of  air,  that  aw 
not  saturated  with  vapour.     Hence  it  happens  that  water  erapormtai 
Tcry  quickly  when  a  dry  wind  is  in  rapid  motion. 

Latent    heat  of  vapours. — MTien   a   liquid  evaporates,   it  miut 
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abatirb  heut ;  this  absorbed  heat  is  as  imperceptible  tu  the  feelings 
and  the  tbernmnieter  a»  the  heat  which  becomes  latent  by  fusion. 

That  heat  is  latent  in  the  formation  of  vapour,  is  provt-d  by 
the  temperature  of  the  liquid  remaining  unchanged  during  ebulli- 
tion. The  tcmpemturc  of  boiling  w-ater  remains  at  100*',  however 
much  we  may  increase  the  tire ;  all  the  heat  which  is  added  to  the 
boiling  water  serves  only  to  convert  water  at  100"  into  steam  at 
IOC*. 

The  absorption  of  heat  during  the  evaporation  of  liquids  may 
easily  be  rendered  perceptible  to  the  feelings.  On  pouring  but  a 
few  drops  of  an  easily  cvaporable  liquid,  as  spirits  of  wine, 
sulphuric  ether,  &c.,  upon  the  hand,  we  experience  a  sensation  of 
cold  because  the  hand  has  been  deprived  of  the  heat  drawn  away 
for  the  evaporation  of  the  liquid.  If  we  surround  the  bulb  of  a 
thermometer  with  cotton  wool,  and  then  moisten  the  latter  with 
sulphuric  ether,  the  thermometer  wilt  fall  several  decrees. 

After  ha\ing  learnt  to  know  the  manner  iu  which  heat  becomes 

latent  in  the  formation   of  vaponr,  it  remains  to  determine  the 

amount   of  this   heat;    that  is,   to   ascertain  how  much  heat  is 

necessary  to  convert  a  definite  quantity  of  a  liquid  into  vapour. 

Fig.  492  represents  a  glass  bulb  a,   in  which   water  is  kept 

boiling  by  means  of  a  spirit  lamp ; 
if  now  the  vapour  formed  be  con- 
ducted through  a  glass  tube  b  into 
a  cylindrical  vessel  c  tilled  with  cold 
water,  the  vapour  here  will  be  con- 
densed, and,  consequently,  the  heat 
which  was  absorbed  at  a  in  the 
formation  of  vapour  will  be  again 
Uberated  at  e ;  the  cold  water  at  c  will 
be  thus  gradually  warmed,  and  from 
the  elevation  of  temperature  thus  pro- 
duced, we  may  determine  the  amount  of  the  latent  heat  of  vapours. 
U  wc  assume  that,  after  ebullition  has  been  going  on  for  some 
time  in  the  vessel  a,  all  the  air  has  been  wholly  expelled,  and  the 
end  of  a  crooked  tube  be  then  plunged  into  the  cold  wat4:r  of  the 
cylinder  r,  all  the  bubbles  of  vapour  will  at  once  be  condensed  as 
they  come  into  contact  with  the  cold  water.  In  proportion,  how- 
ever^  as  the  water  becomes  warmer  in  c,  the  bubbles  will  likewiae 
boeome  lurger,  until  tinally,  even  if  the  water  at  c  be  heated  to  the 
boiling  (wint,  the  bubbles  wdl  rise  uncondenscd  through  the  whole 
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mass  of  liquid,  and  u  state  of  ebullition  be  establisbcJ  at  e.  At  the 
moment  in  which  ebullition  begina  at  c,  the  experiment  will  be 
interrupted  by  our  rcmovitig  the  glass  cylinder  e. 

Provided  now,  that  there  had  been  1 1  cubic  inches  of  water  at  Cfi 
Pia.  493.  at  the  beginning  of  the  experiment, 

the  cylinder  at  tbe  close  of  the  experi- 
ment would  have  contained  13  cubic 
inches  of  water  at  100'^,  2  cubic  inches 
of  water  having  been  thus  added. 
This  additional  water  has  now  been 
evaporated  in  the  vessel  a,  and  again 
condensed  in  the  cylinder  c ;  the 
latent  heat  which  was  combined  in  a 
has  become  liberated  id  c,  aud  has 
heated  the  1 1  cubic  inches  of  water 
from  0"  to  100^;  the  same  amount  of  heat,  therefore,  which  has  been 
absorbed  by  the  evaporation  of  2  cubic  inches  of  water  was  suffi- 
cient to  raise  the  temperature  of  the  1 1  cubic  inches  of  water  from 
0"  to  100°,  But  now  2  arc  to  11  as  1  to  5,5,  and  we  may  therefore 
express  the  result  of  our  experiment  in  the  following  manner: 
The  amount  of  heat  necessary  to  convert  a  definite  quantity  of 
water  from  100"  into  steam  at  I0(y,  suffices  to  raise  the  tempera- 
ture of  a  moss  of  water  5^  times  greater,  from  ()**  to  100". 

We  have  already  stated,  that  for  the  unit  of  heat,  that  quantity 
of  heat  is  assumed  which  is  requisite  to  raise  the  temperature  of 
lib.  of  water  1";  to  raise  the  temperature  of  5^1ba.  of  water  to  the 
same  amount,  5,5  are  therefore  necessary,  and  550  such  units  of 
heat  to  raise  the  temperature  of  this  mass  100*^. 

The  latent  heat  of  lib.  of  steam  is  consequently  equal  to  550. 
The  above  given  experiment  is  not  calculated  to  determine  the 
latent  heat  of  steam,  affording  always  more  or  less  incorrect  results. 
It  is,  however,  well  adapted  to  show  the  connection  of  the  matter. 
The  reason  of  the  special  want  of  accuracy  attending  the  rcsohs 
of  this  experiment  is,  that  at  the  high  temperature  to  which  water 
must  be  raised  in  the  cylinder  c,  a  ctm^^iderable  loss  of  heat  is 
experienced  by  all  that  surrounds  it ;  a  not  incouyiderable  amoimt 
of  steam  is  condensed  in  the  tube,  giving  off  to  the  air  heat  that  is 
set  free,  and  which  comes  to  the  cjlinder  c  as  water.  We  may, 
therefore,  easily  understand,  that  until  the  water  in  e  is  mule  to 
boil,  more  water  will  pass  over  from  the  vessel  a  than  would  be  the 
caac  if  these  two  sources  of  error  weii;  not  jirescut ;    hcucu  Ui 
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expenment  is  of  little  value  iu  giving  the  latent  heat  of  ateam. 
Wc  cannot  here  enter  more  fully  intti  the  con»i<leration  of  the 
more  precise  methoda  in  une  for  saccrtaining  thia  amount. 

In  diatillation,  the  vapours  formc<l  in  any  veaacl  hy  heat  arc 
conducted  into  a  pipe  surrounded  hy  cold  water,  and  the  vapour 
IB  converted  into  a  liquid  state;  the  temperature  of  the  cold 
water,  ia,  however,  conaiderahly  raised  in  the  heat  liberated 
by  the  condensation  of  the  va|>our.  Thia  may  be  eauily  fthown  hy 
meana  of  a  amall  attll,  (Fig.  494),  iu  which  the  vapour  is  conducted 
from  the  glass  bulb  in  which  it  ia  formed,  into  a  straight  tube, 
passing   through   a   wider  one,   which   contains   the   cold  water. 
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Tlie  cold  water,  which  enters  the  condensing  tube,  flows  forth 
from  the  other  end  heated.  In  distillations  conducted  on  a  large 
aeale,  the  tube  in  which  the  vapour  is  nmdensed  has  the  form  of  a 
helix,  and  ia  conducted  through  the  vcaacl  filled  with  the  cold 
water,  u  aeen  in  Fig.  495,  in  order  that  the  vapour  may  remain  as 
long  M  poMoblc  m  contact  with  the  cold  water,  and  that  we  may 
be  quite  sure  that  no  vapour  mil  escape  from  the  open  end  of  the 
tube  in  an  uncandenacd  stnte.  When  an  apparatiw  of  this  kind 
has  been  in  operation  for  some  time,  we  shall  always  Hnd  the 
upper  layers  of  the  water  in  the  rcfrigcratnr  very  hot,  owing 
to  the  heated  water  constantly  rising  to  the  surface. 

We  might  determine  the  value  of  the  latent  heat  of  vapours 
by  any  distillator)*  api^aratus,  if  it  were  poaaihle  every  time  accu- 
rately to  calculate  the  amount  of  vapour  condensed  in  a  given 
time,  and  the  quantity  of  beat  yielded  by  it  to  the  cold  water; 
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in  order,  therefore,  accurately  to  determiue  the  latent  he»t  of 
vapours,  it  is  only  neceasarj-  to  construct  an  apparatus  in  such  a 
manner  as  to  enable  U8  to  obtain  these  amounts  with  exactitude. 
According  to  this  principle  the  latent  heat  of  the  vapours  of 
different  liquids  has  been  ascertained.     Thus — 

The  latent  heat  of  steam  is  540 

„         „       vapour  of  alcohol      .     214 
»         11       Sulphuric  ether  90 

Tfaftt  ia  to  say,  in  order  to  convert  lib.  of  these  liquids  into 
vapour  under  the  pressure  of  one  atmosphere  540,  214,  or  90  times 
as  much  heat  is  combined  us  is  necessary  to  raise  the  temperatum 
lib.  of  water  1«. 

The  latent  heat  of  vapours  is  not  the  same  for  all  temperatures, 
being  greater  for  low,  and  less  for  high  tern [>erat tires. 

Production  of  cold  by  evaporation. — If  a  liquid  boil  in  the  open 
air,  it  will  retain  a  constant  temperature,  owing  to  its  constantly 
receiving  as  much  heat  through  the  sides  of  the  vessel  as  ia 
absorbed  by  the  formation  of  vapour.  But  when  cbullitioa 
goes  on  imder  the  air-pump,  the  temperature  continually  falls, 
because  the  vapour  withdraws  from  the  fluid  itself,  and  from 
the  surrounding  bodies,  the  latent  heat  necessary  to  its  fonnation. 
The  followiug  experiments  may  be  explained  by  the  absorption 
of  heat  which  takes  place  in  rapid  evaporation. 

Freezing  of  water  in  a  vacuum. — We  place  under  the  receiver  of 
the  air-pump  a  broad  glass  dish  filled  with  sulphuric  acid.  A 
few  inches  above  it  is  a  thin  Hat  metallic  capsule  as  seen  in  Fig. 
406,  containing  a  few  gran»mes  of  water.  This 
capsule  is  generally  suspended  by  three  threads, 
or  is  made  to  rest  upon  three  tine  metaUic 
feet,  which  stand  upon  the  edge  of  the  lower 
glass  vessel.  A  few  minutes  after  the  air  his 
been  as  much  as  possible  exhausted,  wc  see  iee 
needles  upon  the  capsule,  and  after  a  time 
the  whole  mass  becomes  sohd.  This  remark- 
able experiment  was  6rst  made  by  Leslie.  The  sulphuric  acid 
absorbs  the  steam  as  soon  as  it  is  formed,  and  thus  maintains 
a  rapid  evaporation.  All  bodies  that  absorb  steam  with  energy  pro- 
duce the  same  action.  Tlie  metallic  capsule  ought  to  be  extremely 
thin,  in  order,  likewise,  to  take  part  in  the  cooling,  and  must  be 
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insulated  from  the  surrounding  part  by  means  of  bad  con* 
ductors,  ao  that  none  of  the  external  heat  may  be  conveyed  to 
the  water. 

In  JVoilaiton'g  Kryophorus  water  likewise  freezes  by  its  own 
evapomation.  Two  glasa  bulbs,  Fig.  497,  arc  connected  by  a 
tube.  A  little  water  is  poured  into  each  bulb,  and  by  ita 
boiling,  all  the  air  is  driven  from  the  apjiaratus.  When  this  is 
done,  the  aperture  at  e  is  fused  by  the  blow^pipe,  and  the 
whole  thus  rendered  air-tight.  If  now,  all  the  water  be  suffered 
to   flow    into   one   bulb,    while    the    other    is    plunged    into   a 
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frecKiug  mixture,  the 
condensation  of  the 
steam  constantly  going 
on  in  the  other  bulb 
will  occasion  so  rapid  an  evaporation  as  to  cause  the  water  to 
freeec. 

Water  may  also  easily  be  made  to  freeze  by  tlie  evaporation  of 
sulphuric  ether-  For  this  purpose  a  glass  tube,  1  line  in  width,  ia 
enclosed  in  cotton  wool  moistened  with  sulphuric  ether.  The 
tube  thus  prepared  is  placed  in  any  kind  of  glass  vessel,  and  put 
under  the  receiver  of  the  air-pump.  On  exhausting  the  air,  the 
ether  is  so  rapidly  evaporated  that  the  water  frecKs. 

Freezing  of  Mercury. ^"We  may  carry  cooling  by  evaporation 
down  to  the  froc/ing  point  of  mercury.  To  effect  this  wc  surround 
a  thermometer  bulb  with  a  sponge,  or  other  porous  tissue,  which 
must  be  moistened  with  sulpburct  of  carbon,  or  still  better,  with 
liquid  sulphumus  acid.  Evaporation  goes  on  so  rapidly,  and  the 
amount  of  heat  abstracted  is  so  great,  that  the  thermometer  falls 
to  —  lO*  —  2^,  or  even  30*,  and  the  mercury  in  the  bulb 
freexea  after  the  lapse  of  a  few  minutes. 

A  hqiiid  c\'aporatc8  more  rapidly,  consequently  generates  a 
greater  degree  of  cold  during  ita  evaporation,  in  proportion 
to  the  loH*ness  of  its  boiling  point;  on  this  account  a  greater 
degree  of  cold  is  produced  by  the  evaporation  of  sulphuric  ether 
than  by  water,  more  by  sulphurous  acid  than  by  ether,  and, 
finally,  still  more  by  liquid  carbonic  acid  thau  by  sulphuroua 
acid. 


CHAPTER   III. 


SPECIFIC    HEAT   OP    BODIES. 

Means  of  comparing  quantitiet  of  heat. — Wc  aastimc  as  a  self- 
evident  principle,  that  the  same  quantity  of  heat  must  always  be 
required  to  produce  the  same  effect.     If,  for  instance,   lib.  of  iron 
at  W  have,  from  any  cause,  been  heated  to  the  temperature  of 
11",  the  same  quantity  of  heat  must  always  he  required,  whether 
the  Bourcc  be  the  sun,  or  a  fire ;  or  whether  it  reach  the  iron  by 
contact,  or  by  radiation,     la  like  manner,  the  same  amount  of  heat 
will  always  be  required  to  fuse  lib.  of  ice  at  O*,  and  a  definite 
quantity  to  evaporate  lib,  of  water  at  100'.     The  quantities  of 
heat  must,  however,  also  be  proportional  to  the  weight   of  the 
substances  on  which  they  act,  in  order  to  produce  a  definite  effect ; 
that  is,  to  raise  the  temperature  of  lOOlbs.  of  iron,  from  lO"  to 
11^;  and,  in  order  to  fuse  lOOlbs.  of  ice,  or  evaporate  lOOIbs.  of 
wat^r,  a  hundredfold  greater  amount  of  beat  is  necessary,   than 
is   required  to  produce   the   same   effect  on   lib.  of  these  sub-  ^ 
stances.  " 

A  substance  has  a  greater  or  lesser  capacity  for  heai^  according 
as  a  greater  or  leaser  quantity  of  heat  is  required  to  produce  a 
definite  change  of  temperature,  or  an  elevation  of  temperature 
of  1^;  this  requisite  quantity  of  heat  is  termed  the  specific  Keat  of  fl 
the  Bubetanee.  Two  bodies  have  equal  capacities  of  heat,  if  of 
equal  weight,  they  require  the  same  quantity  of  heat  to  raise  their 
temperature  1** ;  on  the  contrary,  the  capacity  of  heat  of  a  body 
is  2,  3,  or  4  times  greater  than  that  of  another,  if  it  require  a  2, 
3,  or  4  times  greater  quantity  of  heat. 

One  and  the  same  body  may  have  a  variable  capacity  far  heat .-   fl 
as,   for  instance,  is  the   case   with   platinum,   which    requires   ■ 
greater  amount  of  heat  to  be  heated  from  100"  to  101",   than  to 
raise  its  teni])crature  from  0"  to  I".     The  capacity  of  water  for  best 
is  comtantj  on  which  account  this  liquid  has  been  chosen  as  the    ^ 
nnit.  f 

From  these  definitions  it  follows,  that  a  body,  whose  weight  it        ' 
m,   and   whose  capacity  for  heat   is  c,    will,    at  an  elevation  or 
dcpressinn  of  temperature  of  /"  receive  or  loae  an  amount  of  hcAt, 
the  product  of  which  may  be  expressed  by  m  c  /. 
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1h  order  to  detcrnunc  the  Rpccific  hoat  of  bodii's,  thrct-  different 
methods  have  been  pursued,  viz.,  that  of  the  fusion  of  ice, 
luixturcs,  and  cooling. 

According;  to  the  first  method,  the  body  whose  q)eciBc  heat  is 
to  be  determined  is  weighed,  heated  to  a  definite  temperature,  and 
placed  in  a  vessel  filled  with  pieces  of  ice.  WhUc  it  cools,  a  part 
uf  the  ice  is  fiiscd,  and  from  the  quantity  of  water,  we  obtain  the 
quantity  of  heat  lost  by  the  body,  and  hence,  consequently,  its 
specific  heat. 

The  cooling  method  is  baaed  upon  the  following  principle.  If 
a  heated  body  be  brought  into  a  spaci;  in  which  it  can  only  cool  by 
radiation,  it  will,  if  other  circumstances  remain  the  same,  cwA 
slower  in  proportion  t*i  the  amount  of  specific  heat. 

The  method  of  mU'tures  affords  the  most  accurate  rcsulta,  and 
must,  therefore,  be  somewhat  more  attentively  eonfiidcred.  This 
metliod  consists  principally  in  this,  a  weighed  quantity  of  the 
body  to  be  examined  is  heated  to  a  certain  temperature,  and  then 
jdungcd  into  a  vessel  with  water,  the  tcmpcratHre  of  which  haa 
been  raised  by  the  cooling  of  the  body  ;  if  we  know  the  quantity 
of  the  cold  water,  we  may  ascertain  the  elevation  of  temperature 
sustained  by  it  from  the  cooling  of  the  immersed  body,  and  thus 
the  specific  heat  of  the  latter  may  be  computed. 

If  wc  assume  that  a  platinum  ball  weighing  200grmfi.  warmed 
t'>  lOO'*  has  been  immersed  in  a  mass  of  water  of  105  grms.  at 
15",  and  has  raised  it»  temperature  by  its  own  cooliug  to  'ZO*, 
that  is,  has  heated  the  water  5^,  it  is  clear,  tliat  the  200  grms.  of 
platinum  nmst  be  cooled  down  to  80",  in  order  to  heat  105  grms. 
of  water  5".  The  same  amount  of  heat  that  has  been  yielded  by 
the  pktioum  ball  would,  therefore,  also  have  sufficed  to  raise 
the  temperature  of  525  grms.  of  water  1".  If  the  platinum 
ball  had  only  weighed  1  gmi.,  the  amount  of  heat  given  off  by 
it  at  a  depression  of  temperature  uf  80*'  would  be  able  to  warm 
525 


"^^^   UW 


or  2,625  grms.  of  water  1",  or  1  gmi.  of  water  2,625^ 


Hcuce,  it  followH,  that  the  same  amount  of  heat  that  raises  the 
temperature  of  1  gnn.  uf  platmum  80*'  can  only  raise  on  equal 

mass  of  water  2,625*',  platinum  thus  requires  only    '       ,  that  is, 

0,0328  times  less  heat  tluin  on  equal  quantity  of  n-atrr,  to  expe- 
rience an  equal  variation  uf  tcmi>eruturc;  the  s{M.'cific  heat  of 
platinum  is  consequently  0,0328, 
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If  wc  designate  the  weight  of  the  cooliug  water  by  m^  and  the 
elevation  of  temperature  by  i^  (in  the  abovu-given  example  thuy 
were  105  gnus,  and  5"),  and  the  weight  and  depression  of  tempe- 
rature of  the  eooled  body  aa  m  and  /',  (in  o»ir  examples  they  stood 
200  grras.  of  platinum  and  SC),  it  follows  from  the  abovc- 


aa 

given  considerations,  for  a  concrete  case,  that  we  have  the  following 

formula  for  the  computation  of  the  apeeitic  heat  c  of  the  cooled 

m     t 

body :  c  =  — '—^ ;  that  isj  expressed  in  words,  we  find  the  specific 

heat  of  the  cooled  body  by  dividing  the  jiroduct  of  the  weight  of 
the  cooling  water,  and  ita  variation  of  temperature  by  the  product 
of  the  weight  of  the  body  and  it»  depression  of  temperature. 

Hesults  of  the  experimeHts  on  specific  heats. — The  determination 
of  specific  heat  has  acquired  much  importance  in  chemistry  frum 
the  labours  of  Dulong  and  Petite  who  found  that  the  product 
obtained  on  multiplying  the  specific  heat  of  an  clement  by  its 
atomic  weight  was  always  constant.  Thus,  for  instance,  they 
found  the  specific  heat  of  iron  to  be  equal  to  0,1100,  while  the 
atomic  weight  of  the  metal  was  339,2,  and  their  product  is  37,31. 
If  wi;  multiply  the  specific  heat  of  copper  0,0949  with  ita  atomic 
weight  395,7,  we  obtain  the  product  37,55,  a  value  which  agrees 
almost  perfectly  with  what  haa  been  foimd  for  iron.  In  like 
manner,  it  was  found  that  this  product  was  almost  exactly  the^ 
same  for  all  metallic  elements ;  it  therefore  appears,  that 
principle  of  tbe  specific  heat  of  metallic  elements  being  invc 
propoilional  to  their  atomic  wcigbt,  is  well-grounded. 

We  have  thus  one  means  more  of  learning  to  know  the  atomic 
weight  of  a  body^  and  to  teat  the  value  of  atomic  weights  found  hv 
other  methods.  The  atomic  weights  of  the  elements  were  not,  al 
the  period  when  Zhthng  and  Petit  carried  out  their  researches,  as 
firmly  established  as  at  present ;  choice  had  often  to  be  made 
between  many  atomic  weights  for  the  same  body,  and  Dulong 
and  Petit  naturally  selected  the  one  most  in  harmony  with 
own  law. 

Subsequently  to  that  time,  atomic  weights  were  more  es 
determined  in  another  way ;  but  this,  instead  of  eoufinuing  the  U« 
of  Dulong,  seemed  rather  to  yield  results  in  direct  opposition  lo 
those  obtained  by  his  method.  The  most  recent  invt^tigationa  of 
HegnauH  ujwn  spucific  heat  have,  however,  established  the  corrects 
ncsa  of  this  law  beyouil  all  doubt. 
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CHAPTER    IV. 


TRANSMISSION      OV     HEAT. 

Bxittcnce  of  radialintf  htat, — Radiating  heat  penetrates  ct-rtaiu 
boilies  in  the  same  manner  08  light  passes  through  transpan*nt 
hodieu  ;  the  rays  of  the  sun,  for  instance,  impinge  upon  our  earth 
after  they  have  travcraed  the  vholc  atmosphere,  and  heat  the 
earth's  surface  whilst  the  higher  regions  of  the  air  remain  cold  ;  the 
rays  of  heat  consequently  jiasa  for  the  most  part  through  the  atmos- 
phere without  being  absorbed  by  it.  On  approaching  the  fire  of 
a  hearth,  we  experience  a  burning  heat,  and  yet  the  air  between 
us  and  the  fire  is  not  heated  to  an  equal  degree,  for  on  holding  up 
a  screen  this  heat  instantaneously  ceases,  which  could  not  possibly 
be  the  case  if  the  whole  maas  of  air  surrounding  us  had  so  high  a 
tempeVaturc.  (lot  bodies  can,  therefore,  emit  heat  iu  all  direc- 
tions, which  passes  through  the  air  as  the  raj's  of  light  through 
transparent  bodies ;  we  therefore  speak  of  radiatint^  heat,  and  rai/t 
of  heat,  in  the  same  manner  as  rays  of  light. 

If  two  large  spherical,  or  parabolic  concave  mirrors  of  polished 
tin-plate   (Fig.  498),  be  removed  about  5  or  6  metres  from  each 

other,  and  so  placed  that 
the  axes  of  both  mirrors 
fall  upon  the  same  line, 
and  if  a  piece  of  tinder  be 
placed  in  the  focus  of  the 
one  mirror,  and  an  irvn 
bait  in  a  state  of  white 
heat,  or  a  burning  coal, 
whose  combustion  is 
quickened  by  a  bellows, 
be  laid  in  the  opposite  focus,  the  tinder  will  soim  ignite,  as  if  it 
had  be(*n  brought  into  contact  with  a  tire.  This  ex[K*riuicut  proves 
that  the  glowing  body  radiates  hrat ;  for  it  is  evident  that  the 
tinder  has  not  been  ignited  by  the  intervening  layers  of  air  haWng 
become  by  degrees  so  strtmgly  heated.  On  removing  the  tinder 
from  tlie  focus  it  will  not  br  ignited,  even  on  being  brought  much 
nearer  to  the  plowing  body. 

If  we  put  a  bull  at  30Cy  in  the  place  of  the  glowing  coal,  aod 
a  common  thermometer  in  the  place  of  the  tinder,  the  Ihermnmefcr 
will  rapidly  riitc;  consequently,  this  ball  at  StK/'  likewise  radiates  heat. 

II  2 


viu.    49H 


484 


HUUFOKD's    mFrERENTIAL    THKRMOMETER. 


If,  instead  of  the  hot  ball  at  30(y^,  we  take  a  vessel  fiill  of 
boiling  water,  or  filled  vfith  wnttr  at  90",  80*,  or  70",  we  may 
not,  perhaps,  obscr\'c  any  further  elevation  of  temperature  in 
the  thermometer;  this,  however,  does  not  prove  that  the  walls 
of  the  vessel  radiate  no  more  heat  at  this  temperature,  but 
merely,  that  a  common  thermometer  is  not  st^nsitivc  enough 
for  this  purpose.  More  sensitive  instruments  have,  therefore, 
been  made  use  of,  as,  for  instance,  an  air  thermometer.  Rum- 
ford's  or  Leslies  difiereutiul  thermometer,  or  MeUonVs  thcrmo- 
multiplicator.  ■ 

An  air  thermometer  may  be  constructed  for  this  purpose,  some- 
what in  the  manner  represented  in  Fig.  499.     A  bulb  of  from  3  to 

4  ccnlimctreB  in  diameter  is  blown  at  the  cud   of  «^| 

wo.  499.    ^^^^^  ^^^  y^^p^  Qj-  ,^,jjjp|j  jg  about  1"" ;  the  tube  is  bent,  ^ 

as  may  be  seen  in  the  iigiu'e,  and  has  in  the  middle  a 
second  bulb^  and  at  its  other  extremity  a  funnel,  in 
order  to  ]u*cvent  the  ilnid  standing  between  c  and  d 
from  rctuniing  into  the  lower  bulb,  or  running  out  at 
the  top.  WTien  the  dimensions  of  the  instrument  arc 
known,  we  may  easily  compute  almost  the  full  degree 
of  its  sensitiveness ;  it  cannot,  however,  be  graduated, 
owing  to  the  iluid  remaining  exposed  to  the  atmospheric 
pressure,  and  owing  to  the  alternate  entrance  and  ^ 
escape  of  air  from  the  lower  bulb.  H 

Humford's  differential  thermometer. — Fig.  500  exhibits  an  appa- 
ratus consisting  of  two  glaas  balb«, 
a  and  b,  connected  by  a  bent  glass 
tube,  whose  horizontal  part  is  £roiD 
5  to  6  deeimetres  in  length.  In 
this  tube  there  ia  an  index  ui 
alcohol,  or  sulphuric  acid,  pressed 
upon  on  each  side  by  the  air  of 
the  bulbs,  and  it  will  conM> 
quently  only  stand  in  a  fixed 
position  when  the  prussure  oo 
both  sides  is  equal.  The  place 
occupied  by  the  index  when  the 
temperature  of  both  bulbs  is  perfectly  equal,  is  the  aero  of  the 
division.  If  the  one  bulb  be  heated  more  than  the  other,  tiie 
index  will  be  driven  towards  the  cooler  bulb,  and  its  remonl 
from  the  xero  will  be  proportional  to  the  difference  of 
raturc  of  the  two  bulbs. 
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^,(,_  5ot,  Leslie's  Hiffn-ential  thennometer. — Pig,  501, 

18  constructed  in  a  similar  way,  with  the 
excq)tion  of  having  somewhat  smaller  biilbB, 
and  the  vertical  anna  of  thn  connecting  tubca 
being  longer,  an<l  ncarrr  to  each  other. 

Mellom'i  thermo-muliiplicaior  conaistii  of  a 
thcniio-eh*ctric  pile,  Fig.  502,  such  as  has 
already  been  described  at  page  430,  and  of  a 
very  sensitive  multiplicator.  The  pile  is  care- 
fully blackened  at  both  ends  u-ilh  soot,  and 
placed,  together  with  its  casing,  at  p  (Fig.  503) 

no.  SDS.  upon  a  stand ;  the  coverings  a  and  b  serve  to 

keep  the  currents  of  air  and  the  lateral  radiations 
from  the  pile  ;  as  the  cue  b  is  conical^  it  also 
senses  to  concentrate  the  rays  of  heat  from  this 
side,  if  necessary.  The  copper  wire  forming 
the  galvanometer,  is  7  or  8  metres  long,  and 

no.  909. 
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is  wound  40  times  round  a  metal  fi-amc.     The  well  chosen  magne- 
tised    needles,    after    having    heen    carefully   compensated,    are 
connected  together,  as  tieeii  in   Fig.  GCVlr.     This  vystciu   is  sus- 
rto.  bOi.  pcnded  by  a  cocoon  thread,  hanging  in  the 

centre  of  a  glass  bell  c,  Fig.  503.  By 
turning  the  knob  /,  the  cocoon  thread  may 
be  Bomcwhat  raised  or  lowered,  together 
witli  the  needles.  The  apparatus  must  be 
placed  upon  a  sufficiently  strong  table,  and 
at  a  proper  level,  bo  that  the  thread  hangs  exactly  in  the  middle 
of  the  graduated  circle,  and  so  directed  that  the  needles  point  to 
the  zero  of  the  scale,  when  their  plane  coincides  with  the  magnetic 
meridian. 

The  easily  expanding  wire  spirals,  ff  and  A,  which  are  in  connec- 
tion with  the  two  ends  of  the  thermo-electric  pile  at  x  and  y,  and 
at  m  and  n,  with  the  ends  of  the  raultiplicator  wire,  serve  to 
restore  the  connection  between  the  thermo-electric  pile,  and  the 
multiplicator.  The  smallest  diiference  of  temperature  between 
both  blackened  ends  of  the  column  causes  a  deviation  of  the 
needle,  which  may  be  seen  by  the  graduated  scale. 

Capacity  of  bodies  to  radiate  heat. — The  capacity  possessed  by 
bodies  of  radiating  hent  is  very  dissimilar,  and  depends  essentially 
upon  the  condition  of  the  surface ;  in  general  the  surfaces  of 
the  less  dense  bodies  radiate,  other  circumstances  being  the  same, 
more  heat  than  the  surfaces  of  bodies  possessing  a  greater  density. 
The  irregularity  in  the  capacity  of  radiation  of  different  surfaces, 
has  been  illustrated  by  Leslie  in  the  following  manner :  he  brought 
the  bulb  of  his  differential  thermometer  into  the  focus  of  a  concave 
mirror,  and  placed  at  some  distance  from  the  axis  of  a  mirror, 
u  hollow  tin-plate  cuhe^  tilled  with  hot  water  j  the  sides  of  the 
vessel  being  from  15  to  18  centimetres  in  length,  and  the  one 
lateral  side  being  covered  with  soot,  while  the  other  was  polished; 
when  the  latter  side  was  turned  towards  the  mirror,  the  cifect  was 
much  less  considemble  upon  the  differential  thermometer  than 
when  the  blackened  side  was  turned  towards  it ;  the  surface  rubbed 
with  »>ot,  consequcutly  radiated  far  more  heat  than  the  polished 
metallic  surface. 

This  method  is  certainly  quite  capable  of  showing  the  difft- 
rence  in  capacity  of  i*adiation ;  but  to  give  more  exact  com- 
parisons, however,  Melloni's  method  is  far  more  preferable ;  he 
placed  at  a  proper  distance  from  the  thcrmo-pile  a  hollow  cube 
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of  tin  platCj  the  side  of  which  was  from  7  to  8  centimetrca 
lonp,  and  which  was  filled  with  hot  water,  kept  at  a  constant 
tcmpcratiirr:  by  means  of  a  spirit  lamp ;  the  lateral  surfaces 
of  this  cube  were  differently  prepared,  one  being  covered  with 
soot,  another  with  white  lead,  the  tliird  with  Indian  ink,  and 
the  reinainiui^  one  polished.  The  deviations  of  the  needle  were 
very  mieqiial,  an  the  one  or  the  <ither  side  was  turned  towards 
the  thenno-iuultiphcator,  and  from  the  de\dations  thus  observed, 
were  found  without  further  difficulty,  the  relation  in  which  the 
ra]>aei(ies  of  emis.sion  stand  to  each  other  for  different  flnids.  In 
this  manner  the  capacity  of  radiation  has  liccn  detcnnined  for  the 
following  bodies : 


Lamp-black  . 

.  100 

Indian  ink  . 

85 

White  lead    . 

.  100 

Gum-lac 

72 

Isinglass 

.     91 

Metallic  surface    . 

13 

Thus,  if  we  dcsigTiatc  the  capacity  for  radiation  in  pine  soot 

OS  100,  that  of  a  polished  surface  will   be  equal   to   12,   conse- 

12 
qucntly,  only  ^^  of  the  former. 

Absorption  of  ratjs  of  hent. — Every  body  lut  the  power  of 
absorbing  more  or  le«s  the  rays  of  heat  whir^  impinge  upon  it  coming 
from  some  other  body;  this  is  proved  in  the  above-named  experi- 
ments^ for  bodies  are  only  hcutcd  in  the  focua  of  i  concave  mirror 
because  they  absorb  the  rays  of  heat  concentrated  upon  them 
by  the  mirrors.  That  this  power,  however,  appertains  to  all 
bodies,  is  proved  by  their  asoumi^iig  a  temperature  when  exposed 
to  the  Bun'a  rays  which  is  higher  than  the  temperature  of  the 
air. 

Tlie  power  of  absoqitiou  is  not  equal  for  all  bodies,  which 
arises  from  their  not  having  equal  power  of  emission,  for  a 
surface  which  caaily  radiates  heat  must,  conversely,  also  have 
the  capacity  for  absorbing  these  rays.  This  inequality  in  the 
power  of  absorption  may  be  shown  by  a  simple  experiment ; 
for  instance,  if  we  put  a  thermometer,  whose  bulb  has  been 
blackened,  in  the  rayv  of  the  sun,  it  will  rise  much  more  rapidly 
t  ban  another,  wboae  surface  has  not  been  blackened ;  the 
blackened  surface  of  the  one  thermometer  bulb  absorbs,  ther&> 
fore,  evidently  more  raya  of  heat  than  the  pohshcd  surface  of  the 
other. 

The  raya  of  heat  absorbed  by  a  body  are,  thertifore,  the  cause  of 
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its   becoming   heated  j    and   thus,   in  order  to   heat   a   body  hf{ 
radiation  as  much  as  possible,   it  is  neeessory  to  cover  it   with 
some  coating  which  strongly  absorbs  rays  of  heat ;  for  the  same 
reason,  thcrinoscoprs,  which  serve  to  inauifest  in  a  striking  manner 
the  actions  of  the  radiation  of  heat,  the  bulbs  of  differential  thcr- 
niomctcrs,  and  the  two  end-s  of  the  thciTDO-clcctric  pile  arc  coated  ^^ 
over   with  soot,   as   this  substance  has  a  stronger   capacity   fof^H 
absorption  than  any  other,  ttith  which  we  are  acquainted.  ^^ 

We  have  seen  above  that  metallic  surfaces  possess  only  a  very 
small  power  of  emission,  and  hence,  it  follows,  that  they  are  only 
capable  of  absorbing  rays  of  heat  to  a  very  small  degree. 

Reflection  and  dijfttsion  of  the  rays  of  heat. — Bodies  have  in  gene- 
ral the  capacity  of  reflecting  a  portion  of  the  rays  of  heat  imping- 
ing upon  them  in  the  same  manner  as  they  more  or  less  regularly 
reflect  rays  of  light.  Tlie  uiin-ors  which  were  used  in  the  above 
experiments,  fiuTiish  us  with  a  decisive  proof  of  the  reflection  of 
rays  of  heat,  for  they  are  not  themselves  heated  in  the  experiment 
with  the  tinder.  A  simple  mode  of  reasoning  convinces  ua  that 
most  bodies  must  possess  this  capacity  for  reflection,  and  that,  if 
we  may  so  speak,  it  is  com|ik'mentary  to  the  power  of  absorption, 
for  the  snm  of  the  absorbed  rays  of  heat  must  evidently  be  equal 
to  the  combined  whole  of  the  incident  rays,  provided  the  body 
suffer  no  rays  of  heat  to  pass  through  it.  ^^Ticn,  therefore,  the 
power  of  reflection  is  greater,  the  power  of  absorption  is  smaller, 
and  conversely.  A  body  that  reflects  no  rays  of  heat  must  absorb 
all  rays,  as,  indeed,  is  tlic  case  witlL  such  surfaces  as  are  careitdfy 
covered  with  soot ;  polished  metallic  siu'faces  on  the  other  hand, 
which  possess  a  great  capacity  of  reflection  only  absorb  rays  of 
heat  to  a  very  inconsiderable  degree. 

Rays  of  heat  are  reflected  precisely  according  to  the  same  lawa 
as  rays  of  light,  that  is  to  say,  the  angle  of  reflection  is  equal  (o 
the  angle  of  incidence  j  this  follows  from  the  experiments  with 
the  concave  mirrors,  as  the  focal  points  for  the  rays  of  heat 
correspond  with  those  of  the  rays  of  light. 

As  rays  of  Ught  are  irregularly  distributed  in  all  directions  od 
the  surface  of  a  perfectly  polished  body,  rays  of  heat  likewiar 
undergo  a  diffusion  on  the  surface  of  most  bodies.  We  mtf 
convince  ourselves  of  this  by  the  following  experiment.  If  wr 
suffer  the  son-beams  to  fall  through  an  opening  in  the  shutter  of  a 
dark  rfjom  upon  the  opposite  wall,  the  luminous  spot,  which  is 
visible  from   all  directions,  owing  to  its  distributing  minlight  oa  i 


4 


RATA 

every  Bide,  will  also  distribute  rays  of  bent  irregularly,  tliat  is,  it 
will  throw  forth  rays  nt'  heat  in  all  directions,  as  if  it  were  itself  a 
source  of  heat.  This  diffusion  of  the  rays  of  beat  is  rendered 
uianife»t  on  turning  the  thermo-electric  pile  towards  the  bright 
spot;  we  shall  gee  the  needle  deviate  at  whatever  part  of 
the  room  we  place  the  instrument ;  and  the  action  cannot,  there- 
fore, arise  ^m  a  regular  reflection,  while  it  is  evident,  that 
it  is  not  the  consequence  of  a  heating  of  the  part  of  the  wall 
on  which  the  sun's  rays  have  fallen,  for  the  needle  will  return  to 
the  zero  of  the  scale  as  soon  as  the  aperture  in  the  shutter  is 
closed. 

Capacity  of  bodies  to  transmit  rays  of  heat. — That  solid  bodies 
can  transmit  rays  of  heat  in  the  same  manner  as  transparent 
bodies  transmit  rays  of  light  baa  already  been  proved,  by  showing 
that  we  are  able  to  ignite  combustible  bodies  on  holding  them  in 
the  focus  of  a  lens  exposed  to  the  rays  of  the  sun.  More  accurate 
investigations  could  only  be  made  by  help  of  the  thermo-electric 
pile,  and  Mclioni  has  carried  out  a  series  of  highly  interest- 
ing obsenatioDA  upon  the  transmission  of  the  rays  of  heat  through 
different  bodies. 

Such  bodies  as  retain  rays  of  heat  as  transparent  bodies  retain 
rays  of  light  are  termed  by  Melhni,  athermanoua ;  and  those 
which  arc  to  rays  of  heat  as  transparent  bodies  are  to  rays  of  light, 
are  called  by  him  diatfiermanoua.  *\ir  consequently  is  a  Hiather- 
monous  body ;  and  we  shall  soon  see  that  many  solid  and  fluid 
bodies  arc  diathennanouSf  although  in  very  unequal  degrees. 

The  experiments  were  made  in  the  following  manner. 

Tlie  source  of  heat,  a  small  oU  lamp,  for  instance,  or  a  hollow 
cube  of  tin  plate  filled  with  hot  water,  and  blackened  on  the  out- 
side with  soot  to  radiate  heat  the  better,  was  so  placed  as  to  pro- 
duce a  deviation  of  the  needle  of  30";  when  the  rays  of  beat  were 
tlien  received  upon  a  plate  of  the  body  to  be  examined,  and 
placed  at  r.  Fig.  501,  the  needle  receded  sometimes  more,  some- 
timce  kas,  and  it  was  thus  obsencd  that  equally  thick  and  equally 
transparent  plates  of  different  bodies  did  not  transmit  equal  quan- 
tities of  radiating  heat.  If,  for  instance,  the  free  radiation  of  the 
source  of  heat  cause  a  deviation  of  80*^,  the  needle  will  recede  to 
28"  if  a  plate  of  rock  salt  from  3  to  4  millimetres  in  thickness  be 
ptttced  at  r,  whilst  an  cquaUy  thick  plate  of  quartz  will  cause  the 
needle  to  recede  to  15  or  16";  mineral  or  rock  salt  conaequcntly 


transpftrcnt  bodies  CTcn  tranaxnit  rays  of  heat  better  than 
that  are  perfectly  transparent.  Mliilst,  for  instance,  a  whollr 
transparent  plate  of  ahnn  reduces  the  deviation  of  the  needle  from 
30"  to  3  or  4",  a  far  thicker  pJate  of  smoky-topaz  brings  the  needle 
back  to  14  or  15**.  Sonic  bodies  which  are  almost  wholly  opaque, 
as  black  glass  and  black  mica,  transmit  rays  of  heat  tolerably 
wcU. 

If  wc  suffer  the  rays  of  heat  that  have  passed  through  a  gbas 
plate  to  fall  upon  an  alum  plate,  they  will  be  wholly  absorbed; 
whilst,  however,  an  alum  plate  will  transmit  almost  all  the  rays  of 
heat  that  had  previously  passed  through  a  plate  of  citric  arid. 
This  phenomenon  has  the  greatest  analogy  with  the  transmission 
of  light  through  a  coloured  medium;  rays  of  light  that  have 
passed  through  green  gkss  are,  it  ia  well  known,  easily  trwismitted 
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through  other  green  glasses,  which  arc  absorbed  when  suffered  to 
fall  upon  red  glass;  the  differences  between  rays  of  heat  are 
tberelorc  quite  analogous  to  the  differences  of  colour  in  light. 

Similar  resemblances  have  been  observed  in  relation  to  the 
capacity  of  emission  and  abitorptiou  of  bodies. 

Rays  of  heat  arc  refraufi^iblcj  like  rays  of  light,  as  may  best  be 
seen  by  means  of  a  prism  of  rock  salt.  Phenomena  of  polarization 
have  also  been  shown  in  raya  of  heat. 

Dii&ibution  of  heat  by  conductoru. — Heat  may  pass  from  one 
body  to  aiinthcr,  not  only  by  radiation,  but  by  immediate  contact, 
and  may  then  be  transmittetl  through  the  whole  mass;  there  is, 
however,  a  great  iuequahty  in  different  bodies  in  relation  to  the 
facihty  with  which  this  is  effected ;  in  many,  heat  is  very  easily 
transmitted,  whilst  in  others  it  passes  with  much  less  facihty  from 
one  particle  to  another.  A  match  that  is  burning  at  one  end  may 
be  held  between  the  fingers  at  the  other  extremity  without  any 
elevation  of  temperature  Ixring  even  felt  in  the  wood;  the  high 
temperature  of  the  burning  end  is  not  speedily  transmitted  to  the 
rest  of  the  mass  of  wood,  because  wood  is  a  bad  conductor  of  heat. 
An  equally  long  metallic  wire  made  glowing  hot  at  one  extremity 
c*nnot  he  grasped  at  the  other  end  without  burning  the  hand ; 
ticat  consequently  distributes  itself  from  the  glowing  part  to  the 
whole  of  the  rod,  metal  being  a  good  conductor. 

We  may  make  use  of  Ingenhouss^a  apparatus  (Fig.  506)  to  show 
the  incqHaUty  of  the  capacity  of  different 
bodies  to  transmit  heat.  Many  rods 
made  of  the  sulratancea  to  he  compared 
are  inserted  into  the  lateral  wall  of  a  box 
of  tin  plate,  the  rods  being  all  of  equal 
diameter  and  all  covered  with  a  layer  of 
wax ;  on  pouring  boiling  water  or  hot  oil  into  the  box,  the  beat 
will  penetrate  more  or  leas  into  the  rods  and  fuse  the  wax  coating. 
If  we  assume  that  one  rod  is  of  copper,  another  of  iron,  a  third  of 
lead,  a  fourth  of  glass,  and  the  last  of  wood,  the  wax  coating  of 
copper  will  be  perfectly  fused  before  the  coatinga  orer  the  other 
rods  are  much  melted,  showing  that  copper  is  the  best  conductor 
of  these  five  bodies.  The  fusion  of  the  wax  is  more  rapid  over  the 
iron  than  the  lead,  and  when  all  the  wax  has  melted  off  the  copper 
rod,  fusion  has  only  progressed  to  a  very  small  cjitcnt  upon  the 
glass  rod,  while  scarcely  a  trace  of  fiuion  is  perceptible  on  the 
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wooden  rod ;  which  proves  that  wood  is  the  worst  conductor  of 
heat  among  these  five  Buhataiicea. 

Of  all  bodies,  metals  arc  the  best  conductors  of  heat;  and 
BshoH,  silk,  hair,  straw,  wool,  &c.,  and  porous  bodies  especially,  arc 
the  worst. 

In  practical  life  we  are  constantly  making  nnmcrous  applications 
of  the  good  or  bad  capacity  of  different  bodies  for  conducting  heat. 
Thus,  objects  that  we  wish  to  protect  from  the  cold,  we  surround 
with  bad  conductors  of  heat :  twisting  straw  roiind  trees  and 
shrubs  in  winter  to  save  them  from  the  effect  of  the  frost ;  on  the 
same  principle  our  clothes  keep  us  warm,  owing  to  their  being 
made  of  bad  conductoi*8  of  heat.  Wc  can  bring  a  liquid  to  a  state 
of  boiling  much  more  rapidly  in  a  copper  vessel  than  in  one  made 
of  porcelain,  and  ha\iug  equally  thick  walls. 

Capacity  of  liquids  and  gases  for  conducting  heat. — Heat  is  distri- 
buted through  hquids  principally  by  cur- 
rents, which  arise  from  the  heated  par- 
ticles rising  more  rapidly  to  the  surface, 
owing  to  their  ineonBidcrablc  density. 
These  currents  may  be  made  apparent  by 
throwing  shavings  into  water  encloAed  in 
a  glass  vessel,  and  then  heating  it  slowly 
from  below,  (Fig.  507),  when  we  shall 
sec  the  current  rise  in  the  middle,  and  be 
directed  upwards,  and  turn  downwards 
on  either  side.  On  heating  a  hquid  from 
above,  so  that  the  hydrostatic  cquiLbriiun 
is  not  disturbed,  the  heat  can  only  be 
transmitted  in  the  same  manner  through 
the  mass  of  the  liquid,  as  is  the  case  with 
solid  bodies ;  that  is  to  say^  by  the  heat 
being  conducted  from  one  layer  to  the 
other.  In  such  cases,  heat  is  only  slowly 
diffused  through  the  mass  of  the  liquid,  Uquids  consequently  are 
bad  conductors  of  heat. 

In  order  to  convince  oneself  of  the  bad  capacity  of  liquids  for  con* 
ducting  heat,  one  need  only  plunge  the  bulb  of  a  thermometer 
into  cold  water,  and  then  pour  hot  oil  upon  the  water.  The 
up(>crmost  layers  of  water  will  scarcely  manifest  any  elevation  of 
temperature. 
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Desprets  has  determined  the  capacity  of  liquids  for  conducting 
heat,  by  heating  columns  of  water  1  meter  in  height  and  from 
0,2  to  0j4  meters  in  diameter,  by  continually  pouring  hot  water 
over  them  from  above.  Thia  proet'sa  was  continued  for  about 
30  hourSj  until  the  temperature  of  the  columns  was  settled  and 
stable  uu  all  sides.  From  these  experiments  it  follows  that  the 
capacity  of  water  for  conducting  beat  is  about  96  times  less  than 
that  of  copper. 

The  air  and  gases  especially  arc  likewise  very  bad  conductors  of 
heat ;  but  we  are  unable^  o>\'ing  to  the  radiation  of  heat,  to  ascer- 
tain their  capacity  for  conducting  heat,  by  means  of  the  thermo- 
meter brought  into  the  different  layers  of  the  mass  of  air  to  be 
examined.  That  gases  gencraUy,  and  the  air  in  particubr,  are 
bad  conductors  of  heat,  is,  however,  proved  by  this :  that  bodies 
surrounded  on  all  sides  by  layers  of  air  can  only  be  cooled  or 
heated  very  slowly  if  only  the  intermixture  of  the  layers  of  air  be 
prevented.  We  thus  see  the  utility  of  double  windows  and  double 
doors  in  keeping  a  room  warm.  The  bad  capacity  for  conducting 
heat  which  we  perceive  in  porous  bodies,  as  straw,  wool,  &c., 
depends  especially  upon  their  innumerable  interstices  being  filled 
with  air.  Bodies  of  which  we  say  that  they  keep  us  warm,  as>  for 
iustancc,  our  clothes,  straw,  &c.,  are  not  warm  in  themselves,  but 
owe  the  property  they  jtossess  to  theii*  bad  [)ower  of  conducting 
heat;  if  we  wrap  any  of  these  round  ice,  they  will  hinder  its 
fusion,  by  protecting  it  from  all  external  heat. 


CHAPTER  V. 

DIPPEHENT   SOURCES    OF    DJtAT.'l' 

Genrration  of  heat  by  chemical  combinations. — Excepting  the 
sun,  chemical  combiaationH  foruish  us  with  the  most  important 
sources  of  heat.  Almost  every  chemical  process  is  accompanied  by 
a  development  of  heat. 

The  development  of  heat  induced  by  combustion,  that  is,  by  & 
rapid  combination  of  bodies  with  oX}'gen,  is  of  the  greatest  intporl- 
aucc. 

lu  order  to  determine  the  amount  uf  heat  develu|>ed  in  combus- 

•  TbofDMo't  ••  UoKt  ud  ElectHdly."  and  Edhion.  8vo.  184a 
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Stated  that  lieat  is  liberated  by  the  coinpresaiou  of  air ;  and 
this  is  rapidly  ctTected,  a  very  considerdble  elevation  of  tempera- 
ture may  be  brought  about^  on  which  depends  the  pneumatic 
tinder-box.  FUiids  that  do  not  admit  of  strong  compression  show 
hut  an  incoDBtderable  elevation  of  temperature.  Sohd  bodies  are 
often  very  much  heated  by  compression,  as  we  may  observe  tn^fj 
the  caiK  of  hammering  metals  and  striking  coins.  It  has  not  yet 
been  determined  with  certainty  whether  the  elevation  of  the  tem- 
perature of  solid  bodies  by  compression  must  likewise  be  ascribed 
to  the  circumstance,  that  their  heat  is  smaller  with  a  greater 
degree  of  density  and  that  consequently,  a  part  of  the  heat,  which 
is  maintained  in  them  as  specific  heat,  escapes  in  a  perceptible 
form  on  their  being  compressed. 

'ITjc  considerable  elevations  of  temperature  occasioned  by  fric- 
tion arc  generally  known.  The  iron  tire  of  a  wheel  often  becomes 
so  heated  that  it  will  hiss  on  coming  into  contact  with  water ;  dry 
wood  may  be  ignited  by  friction,  and  an  iron  nail  may  be  brought 
into  a  state  of  white  heat  on  being  held  against  a  moving  grind- 
stone of  7|  feet  in  diameter.  At  the  present  time  we  are  nnablc^— 
to  a^ord  a  satisfactory  explanation  of  these  phenomena.  ^H 

Theoretical  views  concerning  heatJ*^ — Wc  have  become  acquainted 
with  the  most  important  laws  of  the  phenomena  of  heat,  without 
having  entered  upon  the  question  of  what  heat  really  is-t  In  this 
respect,  therefore,  the  theory  of  heat  haa  been  treated  precisely  in 
the  same  manner  as  the  first  part  of  the  theory  of  light,  where  the 
empirical  laws  of  reflection  and  refraction  were  developed,  without 
anything  further  being  said  of  the  nature  of  light.  We  are,  how- 
ever, still  deficient  in  a  theory  from  which  the  phenomena  of  heat 
may  be  derived,  (as  the  phenomena  of  light  from  the  wave  theory) 
not  only  qualitatively,  but  also  quantitatively.  h 

We  generally  imagine  that  heat  is  an  iuiponderablc  firubstance,  ^|l 
penetrating  bodies :   and  this  idea  answers  very  well  for    many 
phenomena;  as,  for  instance,  the  combination  of  heat,   and  the 
capacity  for  conducting  heat,  affording  us  a  good  representation  of 
these  phenomena,  the  expressions  being  based  upon  this  \-iew.     If,   Hi 
however,  the  phenomena  of  the  capacity  for  conducting  heat,  of  ™ 
latent  heat,  and  of  diffusion  of  heat,  accord  tolerably  well  with  the 
idea  of  a  substance  of  heat;  it  is,  on  the  other  hand,  very  impro- 
bable that  there  arc  such  substances,  and  more  Ukcly  that  impon- 
derables will  all  vanish  from  physics,  as  has  already  been  the  case 

♦  Oraliani'A  "  Elctocnti  of  Chcmutrj'."  2nfl  EditioD,  8vo.  1847. 
t  Tbonisan't  "  Uest  tnd  Kleclricity,"  2ntl  Edition,  8va.  IB4(1^ 
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with  respect  to  light.  In  the  thcoiy  of  heat,  the  most  ini|>ortant 
8tfp  iimdcj  is  probubly  that  which  currespouda  to  the  intro<luetion 
of  the  theory  of  vibrmtion  in  the  cane  of  light. 

There  are  some  phenomena  which  cannot  be  reconciled  with  the 
views  of  heat  being  a  substance ;  for  instance,  radiation  and  the 
generation  of  heat  by  friction. 

The  laws  of  the  radiation  of  heat  arc  so  similar  to  those  of  tho 
radiation  of  light,  that  we  arc  tempted  to  ascribe  the  former  like- 
wise to  a  vibration  of  ether.  If,  however,  radiating  heat  were 
transmitted  by  the  vibrations  of  ether,  perceptible  heat  must  like- 
wise be  occasionetl  by  the  vibrations  of  the  material  parts  of  bodies. 

That  the  phenomena  of  heat  actually  arise  from  such  vibrations, 
is  very  pi-obable,  although  we  arc  not  able,  even  In  a  satisfactory 
degree,  to  explain  all  phenomena  of  heat  ou  this  h)'pothcsi9 ;  and 
we  arc  still  unable  to  dispense  with  the  idea  of  a  substance  of  heat 
iu  our  reprcacntations  and  descriptions. 

In  order  to  explain  the  pbeuomcua  uf  heat  by  vibrations,  we 
must  assume  that  the  tcm[)crature  of  bodies  increases  with  the 
amplitude  of  the  oscillations  j  and  by  such  means  we  may  also 
explain  expansion  by  heat. 

The  nimiber  of  the  vibrations  is  increased  on  the  transition  from 
the  dolid  to  the  tluid,  and  from  the  latter  to  tho  gaseous  condition. 
An  increase  in  the  number  of  the  vibrations  is,  with  an  equal 
amount  of  motion,  alone  possible  when  the  am]>litude  is  less ;  and 
thus  wc  may  explain  the  combination  of  heat. 
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The  heating  of  the  eartVs  aurfaccj  and  of  the  atm&sphe 
wbiL-h  alone  the  vcgtitable  and  auiina!  world  can  thrive,  is  alone 
owing  to  the  rays  of  the  san,  which  must  thus  be  regarded  ea  the 
source  of  all  life  upon  our  planet.  Where  the  mid-day  sun  stands 
vertically  above  the  heads  of  the  inhabitants,  aud  its  rays  strike 
the  earth's  surface  at  a  right  anglc^  a  luxuriant  vegetation  ifl|H 
developed,  if  a  second  condition  of  its  existence,  namely,  moisture,^' 
be  not  wanting;  but  where  the  sular  rays  constantly  fall  too 
obliquely  to  produce  any  marked  effect,  nature  is  chained  in 
eternal  ice,  and  all  animal  and  vegetable  life  ceases. 

In  order  to  take  a  general  survey   of  the  distribution  of  beat 
on  the  earth's  surface,   we  must,  in  the  first  place,    investigat 
the  consequences  produced  by  the  diurnal  and  annual  motion 
the  earth. 

In  consequeuec  of  the  annual  motion  of  the  earth,   the 
continually  alters  its  apparent  position  in  the  heavens ;    the  pathl 
which  it  traverses  during  the  year  passes  through  twelve  cod- 
stcllations,  called  the  signs  of  the  zodiac. 

If  we  suppose  the  vault  of  heaven  to  be  one  large  concare 
sphere,  the  path  of  the  sun  will  describe  a  large  circle  upon  it, 
generally  known  by  the  name  of  the  elliptic.  This  line  doea  not 
coincide  with  the  celestial  equator,  intersecting  it  at  an  angle 
of  23"  28'. 

Twice  in  the  year,  namely,  on  the  Zlst  of  March,  and  on 

*  Th«  wtat  of  npace  prevents  this  important  subject  hfiiig  IrcAtetl  a»  faUy  hoc 
it  deaonres.     The  reader  i»  therefore  referred  to  the  excellent  transloltoii  of  KjiCMTi't 
Qm^tMt  Courw  of  Mtftvroloffy,  with  Notei  hj  f.  T.  Walker,  UluMratnl  with  U 
pUtea.    IxintUm,  1843. 
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Sist  of  Soptcinbrr,  the  siui  jiafuii:^  the  celestial  equator.  From 
March  till  [September  it  is  on  the  north,  and  from  September 
to  March  on  the  isoath  hemisphere;  od  the  2lKt  of  June  it 
reaches  its  most  northern,  and  on  the  Slat  of  December  its  most 
southern  point ;  being  on  the  tirttt-named  day  at  ;j3"  28'  north,  and 
the  laat-namcd  at  23"  28'  south  of  the  celestial  equator. 

The  direction  of  our  earth's  axin  coincides  with  the  axis  of  the 
heavcnH,  the  plane  of  the  tcn'estrial  equator,  wnth  that  of  the 
eelestial  equator;  if,  therefore,  the  sun  stand  directly  upon  the 
celestial  equator,  its  rays  strike  the  carth^B  surfaec  at  every  place 
upon  the  terrestrial  equator  per|>cndicularly  at  mid-day,  whilst 
thi-y  only  glance  over  the  two  terrestrial  poles,  striking  the  parts 
contiguous  to  them  very  obliquely. 

If  we  suppose  two  circles  to  be  drawn  upon  the  earth's  surface 
parallel  with  the  equator,  one  23"  28'  uorth,  and  the  other  equally 
far  south  of  it,  the  former  will  be  the  tropic  of  Cancer,  and  the 
latter  the  tropic  of  Capricorn.  All  plaeea  lyin^  upon  these  tropics 
receive  once  in  the  year  the  sun's  rays  perpendicularly,  this  being 
on  the  2l6t  of  June  for  the  tropic  of  Cancer,  and  the  21st  of 
December  for  the  tropic  of  Capricorn. 

The  whole  terrestrial  zone  lying  between  those  two  tropics  is 
termed  the  hot  cone,  because  the  rays  of  the  sun  falling  but  very 
little  obliquely  are  able  here  to  produce  the  most  powerful 
effect. 

Heat  ia  tolerably  equally  distributed  throughout  the  whole  year 
on  the  equator,  because  the  sun's  rays  strike  the  earth  rectan- 
gularly twice  annually,  while  they  do  not  fall  very  obliquely 
at  any  time  intervening  between  these  periods. 

The  more  we  approach  the  tropics,  the  more  marked  arc  the 
(lifTercnces  of  lem|>crature  at  different  periods  of  the  year.  In 
the  tropic*  the  solar  raya  only  fall  once  in  the  year  periieudiL-uliirly 
on  the  earth's  surface,  and  once  they  make  an  angle  of  4T' 
with  the  direction  of  the  plumb  line,  falling,  consequently,  with 
very  considerable  obIi(|uity ;  the  temperature  of  the  hottot  and 
eoldcKt  season,  separated  by  a  |>eriod  nf  lialf  a  year,  differ  very 
cxinsiderably  firom  each  ntlicr. 

On  cither  aide  uf  the  hot  Eonc,  extending  from  the  tropica  to 
the  polar  zones,  (the  polar  soncit  are  those  which  have  24  hours 
cxaelly  for  their  longest  day,  and  lie  exactly  6&*  32'  north  and 
south  of  the  equator),  are  the  northern  imd  southern  temperate 
loiiCB ;  the  four  v^aons  of  the  year  are  moat  atroDgly  character iacd 

KK  2* 


500         niSTRIBUTION    OF    HEAT   ON    THE    EABTH's   S^KFACB. 


i 


in  these  zones ;  in  general,  heat  diminishes  with  the  distance  from 
the  equator. 

Around   the   poles,    extending   to   the   polar   tropic*,    arc   tl 
northern  and  southern  frigid  zones. 

lu  consequence  of  the  rotation  of  the  earth  upon  its  axis,  the* 
8un  appears  to  participate  in  the  apparent  motion  of  all  the 
planets  J  and  another  result  of  this  diurnal  motion,  is  e^ndently 
the  alternation  between  day  and  ni^ht.  It  is  only  during  the 
former  period  that  the  solar  rays  warm  the  earth's  sui*face,  wliich 
lifter  sun-set  radiates  heat  towards  the  heavens  without  the  loss 
of  heat  being  compensated  for ;  during  the  nighty  therelbre,  thQ^ 
surface  of  the  earth  must  be  cooled.  ^M 

Under  the  equator  the  day  and  night  are  equal  throtighout  the 
year,  e^acb  day  and  night  lasting  12  hours  j  as  soon,  however, 
as  we  remove  from  the  equator,  the  length  of  the  day  varies 
with  the  season  of  the  year,  the  variation  becoming  more  striking 
as  we  a]>proach  nearer  to  the  poles.  The  following  table  cont 
the  length  of  the  longest  day  for  difiei'cnt  geographical  latitudes  ; 


Polar  elevation. 

Lf n^h  of  th«  longfst  t\Aj 

0 

12  hours. 

le**  44'  . 

.     13    » 

30°48'     . 

.    u   « 

49f>22'     . 

■     16    „ 

63=>  23'     . 

-     20    „ 

66^32'     . 

.    24    „ 

67^  23'     . 

1  month. 

73^  39'     . 

8    „ 

W           .         .         , 

.       6     » 

At  the  equator,  therefore,  the  variation  in  the  day*a 
cannot  exercise  any  inBueuce  upon  the  course  of  the  heat.  iB"^ 
the  different  seasons  of  the  year.  As  the  inequality  in  the  length 
of  the  days  is  not  verj'  considerable  even  under  the  tropica,  the 
variation  iu  the  length  of  the  day  between  the  tropics  cannot  rerr 
much  increase  or  diminish  the  differences  of  temperature  bctweca 
the  hot  and  cold  seasons  of  the  year ;  this  is  the  case,  to  m  rtxj 
considerable  degree,  in  high  latitudes. 

In  summer,  when  the  sun's  rays  fall  less  obliquely,  the  sun 
remains  longer  above  the  horizon  in  high  latitudes ;  this  losigv 
period  compensates  for  what  is  lost  in  intensity  by  the  solar  nn^ 
and  it  thus  happens  that  it  may  be  very  hot  during  the  summer 
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pAeu  at  places  which  are  far  rt'niovcd  frora  the  equator,  (at 
St.  Petersburgh,  for  instAnce,  the  thermometer  aometimta  rises  in 
a  hot  summer  to  30") ;  in  the  winter,  on  the  other  hand,  when  the 
more  ohliquely  fttlHng  solar  rays  have  only  little  power  of  acting, 
the  day  is  very  short,  and  the  night,  during  which  period  the  earth 
radiates  its  heat,  extremely  long;  in  coDsequcncc  of  wliich,  the 
temperature  must  fall  very  low  at  this  season.  The  difference 
between  the  temperature  of  summer  and  winter  will,  therefore, 
generally  be  greater  the  further  we  rentovc  from  the  equator. 

At  Bogota,  which  is  4"  35'  N.  of  the  equator,  the  difference 
of  temperature  between  the  hottest  and  eoldcst  month  amounts 
only  to  2";  in  Mexico  (19"  25'  N.  lat.)  this  difference  ia  8",  at  Paris 
(48^  6(y  N.  lat.)  27",  and  for  St.  PctcrsburgU  (59»  56'  N. 
lat.)  32«. 

From  the  above  indicated  considerations  it  follows,  therefore : 

1.  That  heat  must  diminish  £rom  the  equator  towards  the 
poles. 

2.  That  in  the  vicinity  of  the  equator  heat  is  distributed 
tolerably  equally  over  the  whole  year,  that  consequently  the 
character  of  our  seasons  ceases  there  to  be  recognisable. 

3.  That  the  seasons  always  differ  more  in  proportion  as  wc 
go  further  from  the  equator,  and  that  at  the  same  time  the 
difference  between  the  suuimer  and  winter  temperature  bccomea* 
always  more  considerable. 

4.  That  even  in  the  neighbourhood  of  the  polar  circles,  the 
summer  may  be  ver)'  hot. 

This  we  find  fully  confirmed  by  experience,  not  with  standing 
which,  such  a  consideration  can  only  teach  us  roughly  to  know  the 
distribution  of  heat  upon  the  earth,  it  being  impossible,  from  the 
geographical  latitude  of  a  place,  to  draw  any  conclusioOj  e%'en 
remotely  certain,  as  to  its  climatic  relations. 

If  the  whole  earth's  surface  were  covered  by  water,  or  if  it 
were  all  formed  of  wlid  plane  land,  possessing  everywhere  the 
same  character,  and  having  an  equal  capacity  at  all  places  for 
absorbing  and  again  radiating  heat,  the  temp€^^atnre  of  a  place 
would  depend  only  on  its  geographical  latitude,  and,  consequmtly, 
all  places  having  the  same  latitude  would  have  a  like  climate. 
Now,  however,  the  action  that  may  be  produced  by  the  solar 
rays  is  modified  by  manifold  causci*,  the  chmate  of  one  district 
de|H;nding  not  only  u|>on  the  direction  of  the  solar  ruyA,  but 
also  upon  the  circumstances  under  which  they  act,  such  as  the 
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conformatiou  of  the  land  and  the  sea^  the  direction  and  height 
of  the  mountain  range,  the  direction  of  the  prevailing  wind,  &c. 
Hence  it  follows  that  places  of  the  same  geographical  latitude  have 
frequently  a  very  different  climate,  and  we  may  thus  easily  see 
that  theoretical  considerations  do  not  suffice  as  data,  from  whenoe 
to  draw  conclusions  regarding  climatic  relations ;  the  true  distribu- 
tion of  heat  over  the  earth's  surface,  can  only  be  satisfactorily 
aaccrtaiued  by  means  of  observations  conducted  for  a  protracted 
term  of  years.  Humboldt  was  the  first  who  entered  here  with 
success  upon  the  course  of  induction,  the  sole  and  only  path 
that  leads  to  truth  in  all  physical  sciences.  On  his  voyages  and 
travels  in  both  hemispheres,  he  collected  with  unwearied  zeal  facta 
which,  by  his  excellent  mode  of  combining  them,  have  first  laid  the 
foimdation  of  scieutillc  meteorology. 

Observation  of  the  thermometer. — In  order  to  be  able  to  observe 
accurately  the  temperature  of  the  air  at  different  places,  we  mast 
place  a  good  thermometer  in  the  open  air,  upon  the  north  side 
of  a  building,  and  3  or  4-  decimetres  removed  from  the  wall, 
K)  that  it  may  not  receive  the  sun's  rays;  we  must  likewise 
be  careful  that  there  is  no  white  wall  in  the  neighbourhood,  from 
which  rays  of  heat  may  be  reflected  towards  the  thermometer. 
If  the  thermometer  should  be  nioifitcned  by  rain,  we  zoust  care- 
fully Ary  the  bulb  five  minutes  before  we  use  it,  for  the  suspended 
drops  of  water  would,  by  their  evaporation,  lower  the  temperature 
of  the  mercury  in  the  bulb. 

It  is  often  of  the  greatest  importance  to  meteorology  to  learn 
the  highest  and  lowest  temperature  that  may  have  prevailed 
during  any  interval,  without  it  being  absolutely  necessary  to 
observe  the  exact  moment  in  which  this  maximum  or  minimum 
occurs.  This  may  be  effected  by  the  thermumetrographt  repre- 
sented in    Fig.   500,   which   consists   of  two  thermometers,    the 
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tubes  of  wliich  are  placed  horizontally,  and  of  which  one  is  a 
mercurial,  and  the  other  a  spirit  thermometer.  In  the  tube 
of  the  former  lies  a  steel  pin,  which  is  poshed  through  the  coluuin 
of  mercury  when  the  mercury  in  the  bulb  ex]>and» ;  when,  however, 
the  thermometer  is  re-cooled  the  mercurial  column  recedes,  while 
the  steel  pin  remains  in  the  position  to  which  it  was  pushed 
at  the  highest  stand  of  the  thermometer ;  such  a  thermometer, 
consequently,  yieldti  the  ma.\imum  of  the  temperature  that  may 
have  prevailed  within  a  certain  period. 

Within  the  tube  of  the  spirit  thennometer,  is  a  very  fine  glaas 
rod,  aomcwbiit  thicker  at  its  extremities,  as  may  be  plainly  seen  in 
Fig.  509;  tbin  p;tass  rod  lies  within  the  column  of  spirits,  and  on 
the  spirit  cooling  in  the  bulb,  and  the  fluid  retreating  in  the  tube 
to  the  first  knub  of  this  rod,  the  latter  will  be  carried  away  with  the 
retreating  Uuid  column,  when  any  further  sinking  of  the  tempera- 
ture occurs,  owing  to  the  adhesion  between  the  spirit  and  the  glass; 
it,  however,  the  tiuid  in  the  bulb  be  again  warmed,  it  will,  on  tlic 
rising  of  the  thermometer,  pass  by  the  rod  without  carrying  it 
with  it;  this  index,  which  must  be  made  of  some  darkJy  stained 
glass,  in  order  to  be  made  more  apparent,  remains,  consequently, 
lying  in  the  place  eorreft|>on(Lng  to  the  miniikum  of  the  tempera- 
ture which  prevailed  within  a  certain  period  of  time. 

When  the  bulb  of  the  one  thermometer  hcs  on  the  right  side, 
that  of  the  other  is  on  the  left,  and  on  uiclining  the  whole 
Bjjj)aratu8,  and  striking  it  gently,  the  steel  rod  will  fall  by  ita 
weight  on  to  the  column  of  mercury,  and  the  glass  rod  to  the  very 
end  of  the  culmun  of  spirit.  If  we  leave  the  apparatus  thua 
arrange<l,  the  steel  rod  will  be  puslicd  on  by  every  aiicent  of  the 
temperature,  while  the  glass  rod  will  be  drawn  back  at  every 
depression  of  the  temperature. 

This  instrument  is  cjipecially  calculated  to  give  the  maximum 
and  minimum  of  the  diurnal  temperature.  Ou  setting  it  in  the 
proper  manner  every  evening,  we  may,  the  following  evening,  sec 
wliut  has  been  the  higbcst,  and  what  the  lowest  temperature 
during  the  last  24  hours. 

Dhtnuii  variations  of  temptrraturt. — In  order  to  be  able  accu- 
rately to  follow  all  the  viiriationit  of  heat  in  the  atmosphere  during 
the  24  hours,  we  must  observe  a  thermometer  at  n-ry  short 
intervals,  as,  for  instance,  from  one  hour  to  another.  If  such 
observations  arc  to  be  pursued  for  any  length  of  time,  it  ia 
evident  that  they  cannot  be  conducted  by  one  single  individiuil, 
but  that  many  muat  combine  for  the  same  purpose;  in  every  case 
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it  is  very  laborious  to  institute  a  series  of  observations  of  this 
kind. 

From  such  scries  of  observations  it  has  been  shown  that  the 
minimum  of  teinperatnre  occurs  shortly  before  simriHe^  and  the 
mainmum  a  few  hours  after  13  at  noon,  somewhat  later  in  suminer, 
and  somewhat  earlier  in  winter. 

This  course  may  be  easily  explained.  Before  noon^  whilst  the 
sun  ia  constantly  rising  higher,  the  earth's  surface  receives  more 
heat  than  it  radiates  ;  its  temperature  and  that  of  the  atmosphere 
must,  therefore,  increase  J  this  eontinncs  somewhat  beyond  noon; 
but  as  the  sun  sinks  lower,  and  its  rays  become  less  effective, 
the  heated  earth  radiates  more  heat  than  can  be  supphed  by  the 
solnr  rays;  this  cooling  naturally  continues  after  sunset,  uiitil  the 
morning-dawn  Eiuuounces  the  return  of  the  sun. 

The  diurnal  variations  in  the  thermometer  do  not  always  follow  ^J 
ais  norma]  course,  which  may  frequently  be  disturbed  by  foreign  ^M 
injlueuces,  as,  for  instance,  changes  of  weather,  &c, ;  in  order,  ^^ 
therefore,  to  ascertain  with  exactitude  the  law  of  diurnal  variations 
of  heat,  wo  must  deduce  the  mean  normal  coarse  from  a 
combiQattDU  of  as  many  numerous  observations  as  can  possibly  be^H 
instituted.  ^^ 

By  taking  the  mean  of  every  24  hours'  observations,  we  obtain 
the  rman  temperature  of  the  day. 

As  it  \&  uacommouly  wearisome  and  laborious  to  pursue  for  any 
length  of  time  these  hourly  observations  of  the  thermometer,  it 
is  of  the  greatest  importance  to  meteorology  to  devise  methods  bjj 
which  the  mean  diurnal  temperature  may  he  nseertained  withont 
making  these  hourly  observations.  Twice  in  the  day  the  thermometer 
must  indicate  the  mean  diurnal  temperatin-e;  it,  therefore,  seems 
the  simplest  to  calculate  the  hours  in  which  such  is  the  case,  and 
then  limit  our  observations  of  the  thermometer  to  those  periods  of 
the  day  ;  such  a  course  may,  however,  easily  lead  us  into  crron^ 
since  the  thermometer  varies  most  suddenly  exactly  at  this  time, 
and  we  should  thus  commit  a  very  considerable  mistake  in  our 
calculations,  if  our  obsen'atious  were  made  either  u  Uttte  too  early 
or  too  late.  A  far  more  correct  result  is  obtained  by  observing 
the  thermometer  at  several  similar  hours,  for  instance,  at  4  and  10 
A.M.,  and  at  4  and  10  r.M.;  this  method  is,  as  Brewster  has 
shown,  correct  to  Voth  of  a  df^^ree;  we  likewise  obtain  a  vm 
nsc.f\i\  result  by  making  our  observations  at  7  a.m.  at  noon,  and  at 
10  P.M.,  and  then  taking  the  mean  of  these  three  periods. 

The  mean  of  the  highest  and  lowest  degree  of  the  tbcrmometrr 
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during  the  24  hours  varies  so  inconsiderably  from  the  actual  mean 
temjwrature  derived  from  honrly  observations,  that  we  may  more 
easily  compute  the  mean  diurnal  temperature  by  aid  of  the 
therm onictrograph  described  at  page  502. 

Mean  temjwrature  of  the  montfis,  and  of  the  year. — When  we 
know  the  mean  temperature  of  all  the  days  of  a  month,  we  have 
only  to  divide  the  sum  of  the  mean  diurnal  temperatures  by  the 
number  of  days,  in  order  to  obtaiu  the  mean  temperature  of  the 
month. 

On  taking  the  arithmetical  mean  from  the  mean  temperature 
found  for  the  12  months  of  the  year,  we  obtain  the  mean  tempera- 
twe  of  the  year. 

In  order  to  determine  with  exactness  the  mean  temperature  of  a 
placej  we  must  take  the  mean  of  the  mean  temperatures  obtained 
from  a  large  scries  of  calculations.  In  general,  the  mean  annual 
temperatures  do  not  vary  much,  so  that  we  obtain  the  mean 
temperature  of  a  place  with  tolerable  accuracy,  even  when  we  only 
know  it  for  a  few  years.  For  Paris  the  mean  temperatures  of  the 
years  intervening  between  1803  and  1816  were  as  follows  : 
10,5°  10,8°  9,9" 

11,1  10,6  9,7 

9,7  10,5  10,5 

11,9  10,5  9,6 

10,8  9,9 

The  highest  of  these  mean  annual  temperatures  varies  only 
about  2,3"  from  the  lowcat.  On  taking  the  mean  of  tliesc  14 
numbers,  wc  obtain  us  a  mean  temperature  for  Paris  10,2",  whilst 
the  amount  derived  from  a  series  of  30  annual  mean  temperatures 
is  10,8", 

In  order  to  find  the  true  mean  temperature  of  a  month,  wc 
must  know  the  mean  temperature  of  this  month  for  a  scries  of 
yearsj  and  take  the  mean  of  these. 

The  greatest  heat  generally  occurs  in  our  Istitudes  some  time 
after  the  summer  solstice,  aud  the  greatest  cold  some  time  afrer 
the  winter  solstice. 

July  is  on  an  average  the  hottett,  and  January  the  coldest 
month.  If  the  period  of  the  highest  and  lowest  temperature  is 
not  exactly  the  same  for  all  places  of  the  same  hemisphere,  the 
difference  is  only  occasioned  by  local  influences. 

We  may,  on  an  average,  eouiiider  the  20th  of  July  aa  the 
hottest,  and  the  14th  nf  Januan,'  ait  the  coldest  day  of  the  year 
for  the  temperate  zonr  of  the  northern  hemisphere. 
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It  hu  been  proved  from  numerous  obsen-ationa  on  tcmpcratorc, 
that  the  mean  annual  temperature  gcucrally  occurs  on  the  24th  of 
April,  and  the  Slat  of  October  in  the  northern  temperate  zone  ;  the 
annual  course  of  the  heat  in  these  parts  is  therefore  na  follows. 
The  temperature  rises  from  the  middle  of  January  at  first  alowly, 
more  rapidly  in  April  aud  May,  and  again  more  slowly  until  the 
middle  of  July,  from  which  period  it  diminishes,  but  alowly  in 
August,  more  rapidly  in  Septcmljer  and  October,  finally  reaching 
ita  miuimum  again  in  the  middle  of  January.     This  admits  of  an 
easy  explanation.     Mlien  the  sun,  alter  the  vrinter  soUtice,  AgAin 
ascends^  this  ascent  goes  on  so  slowly,  aud  the  days  increase  so  little, 
that  as  yet  no  more  powerful  effect  from  the  sun's  rays  is  possible. 
On  this  account,  the  miniuium  of  the  yearly  temperature  occurs 
after  the  winter  solstice;  a  rise  of  temperature  first  takes  place 
when  the  sun  has  returned  somewhat  Carther  north.     About  the 
time  of  the  equinoxes,  the  sun's  progress  in  the  heavens  towmrds 
the  north  ia  quickest :   the  increase  of  temperature  for  this  rewon 
is  at  this  time  the  most  perceptible. 

When  the  sun  lias  attained  its  highest  position,  the  earth  hat 
not  yet  become  so  warmed  that  the  heat  which  the  ground  loses  by 
radiation  is  equal  to  the  quantity  of  heat  which  it  receives  from  the 
sun's  rays;  the  balance  would  only  be  restored  after  the  sun  had 
remained  a  longer  time  at  its  northern  solstice.  But  now  the  sun 
goes  back  after  its  summer  solstice,  very  slowly  at  first.  The  effect 
of  the  sun's  rays  ia  for  some  time  quite  as  powerful  as  at  the 
moment  of  the  solstice ;  the  temperature,  therefore,  will  still  rise 
ailer  the  longest  day,  and  indeed  even  to  the  middle  of  July,  aad 
then  again  fall.  These  considerations  lead  to  the  division  of  the 
year  into  four  seasons. 

The  astronomical  division,  when  the  seasons  arc  limited  by  the 
equinoxes  and  solstices,  is  the  most  suitable  to  meteorology.  Il 
would  be  better  were  we  to  diWde  the  year  in  such  a  maimer,  that 
the  hottest  month  (July)  should  fall  in  the  middle  of  sunaxncr^  and 
the  coldest  mouth  (January)  in  the  middle  of  winter.  According  to 
this,  wtJiier  would  include  the  months  of  December,  January,  kbA 
February;  spring,  March  April,  and  May;  summer^  June,  July, 
and  August;  and  attlumnj  September,  October,  and  November. 
According  to  this  signification  we  must  understand  the  se&sma 
given  in  the  following  table,  which  contains  the  mean  aaniul 
temperature,  mean  temperature  of  individual  years,  and  the 
hottest  and  coldest  months  for  a  large  number  of  places  acaUaad 
over  diiFcrent  parts  of  the  earth's  surface. 
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The  numbers  of  this  table  are  only  mean  numbers,  from  wliicb 
the  true  temperature  inclines  sometimes  towards  one  side,  some- 
times towards  the  other,  and  thus,  too,  the  mean  temperatures  of 
the  hottest  and  coldest  months  by  no  means  indicate  the  limits 
between  which  the  thermometer  may  iluctuate  at  one  and  the  saoMgUI 
spot.  It  thus  happens,  that  even  in  districts  enjoj'ing  a  wani^^ 
climate  and  a  mild  nnater,  an  extraorilinary  degree  of  cold  is  often 
felt ;  thus,  for  instance,  in  the  year  1507  the  hai'bour  of  Marseilles 
was  frozen  over  its  whole  extent,  for  which  a  cold  of  at  least,  —  18" 
was  requisite ;  in  the  year  1658,  Charles  X.,  with  his  whole  army 
and  their  heavy  artillcr}-,  crossed  the  little  Belt.  In  1 709  tho  Gulf 
of  Venice,  and  the  harbours  of  Marseilles,  Genoa,  and  Cette  were 
frozen  over;  and  in  1789  the  thermometer  fell  at  Marseilles  to 
—  27^.  Tlic  following  talde  gives  the  highest  and  lowest  degree* 
of  temperature  observed  at  different  places. 


Minimum. 

Maxtmimi. 

DUTcrmrff. 

Surinam 

.      21,3" 

32,3" 

11,0" 

Pondicherry 

.      21,6 

UJ 

23,1 

Esua  (Egjpt) 

> 

47,4 

1 

Cairo  . 

.         .        9,1 

4fO;i 

31.1 

Rome 

—    5,9 

38,0 

43,9 

Baria  . 

—  33,1 

38,4 

61,5 

Prague 

"  27,5 

35,4 

G2,9 

Moscow 

—  38,8 

32,0 

78,8    . 

Fortllcliancc  (North  America)  — 66,7  I 

Considerable  deviations  from  the  normal  annual  course  of  hc«t 
do  not  occur  locally,  bnt  are  scattered  over  wide  districts;  thua^ 
for  instance,  the  winter  of  1821  and  1822  was  very  mild  in  Europe, 
but  in  the  December  of  the  latter  year  a  severe  cold  prevafled  over 
the  whole  of  Western  Europe,  a  similar  very  considerable  devia^ 
tion  never  has,  however,  been  spread  over  an  entire  hemisphere. 
Tlic  northern  hemisphere  is  generally  divided  in  a  northern  to 
southern  direction  into  two  halves,  upon  which  o])po«ite  dev-iat  i 
from  the  normal  temperature  may  be  obHer\'ed;  these  de\-iationa 
greatest  in  the  middle  of  the  two  halves,  while  a  more  an 
temperature  is  perceived  where  they  approach  each  other. 

ITius,  in  Febniarj',  1828,  it  was  very  cold  in  Kasan  ud 
Irkutsk,  urmsuuUy  mild  in  North  America,  whilst  Europe 
remained  unaffV-etcd  between  these  two  opjwaite  deviations. 
Deec-mbcr,  1820,  this  maximum  of  culd  inclined  towards  BerU 
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while  it  also  continued  to  he  vcr\'  marked  at  Kasan ;  in  North 
America^  however,  the  weather  was  xmwsually  mild,  but  in  Decem- 
ber, 1831,  the  excessive  cold  was  limited  to  America.  Generally 
speakingj  these  deviations  from  the  average  range  of  heat  are 
observed  to  be  similar  in  Europe  and  Asia,  and  opposite  in 
America. 

Frequently,  although  not  so  remarkable,  tho  boundary  line  of 
opposite  deviations  runs  from  east  to  west. 

A  donation  &om  the  mean  temperature  often  continues  for  a 
long  time  iu  the  some  direction.  Thus,  from  June,  1815,  to  the 
December  of  1816,  there  prevailed  in  Kurope  an  unusually  low 
degree  of  temperature,  which  occasioned  the  failures  in  the  crops 
in  1816 ;  1822  was  a  remarkable  ycair  for  the  vines,  the  unusual 
heat  continuing  then  from  November,  1821,  to  November,  1822. 

From  this  it  follows,  that  the  opinion  so  pre\'alent  of  a  cold 
winter  succeeding  a  hot  summer,  and  a  warm  winter  a  cold  summer, 
is  altogether  erroneous,  since  the  contrar)-  oflcu  occurs,  as  may  be 
seen  from  the  examples  above  given  ;  thus,  too,  the  hot  summer  of 
1831  succeeded  a  very  mild  winter. 

These  deviations  from  the  mean  range  of  heat  are  more  marked 
in  winter  than  in  summer. 

Fnim  all  this  it  appears  highly  probable  that  the  same  quantity 
of  heat  is  always  distributed  over  the  earth's  surface,  although 
unequally.  A  cold  winter  is  the  consequence  of  a  long  prevalence 
of  north-cast  winds,  and  a  cold  summer  is  uuluced  by  the  conti- 
nuance of  south-west  winds;  these  alternating  exclusively  prevalent 
currents  of  air  being,  as  Dove  has  shown,  the  controlling  agents  in 
the  relations  of  weather.  If  a  hot  summer  is  to  succeed  a  cold 
winter,  the  north-east  wind  must  prevail  throughout  the  whole 
year ;  while,  on  the  other  hand,  the  wind  must  blow  chiefly  from 
the  south-west  for  the  same  space  of  time  to  bring  a  cold  siunmcr 
after  a  mild  winter. 

hothermnl  lines. — A  table  of  the  kind  given  at  |)age  607, 
contains  many  of  the  elements,  from  which  we  may  calculate 
the  distribution  uf  heat  over  the  earth's  surface.  At  ull  events, 
we  may  see  from  such  a  table  that  all  places  lying  under  the  same 
degree  of  latitude  have  not  the  same  mean  temperature.  Thus, 
for  iuHtauce,  the  mean  annual  heat  at  the  North  Ca|»e  is  —0,1"; 
whilst  Nain,  on  the  coast  of  Labrador,  has  a  mean  annual  tempera- 
ture of  — 3,6^,  although  Labrador  it  W  south  of  the  North 
Cape.     Humboldt  was  the  first  to  give  as  a  clear  view  of  the 
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distribution  of  hent  over  the  earth,  making  use,  for  this  purpose, 
of  his  isothermal  lines,  by  which  he  connected  together  all  such 
places  in  the  same  hemisphere  having  equal  mean  annual  tempera- 
tures. 

If  we  suppose,  for  instance,  a  traveller  starting  from  Paris  toj 
make  a  journey  round  the  earth  iu  such  a  manner  as  to  visit  all 
places  of  the  northeni  hemispheres  which  have  the  same  mean 
annual  heat  hs  Paris,  that  is,  10,8"*,  the  course  he  will  thus  pursue 
will  be  a  line  of  equal  mean  annual  heat,  consequently  an  itothtrmal 
line ;  this  line,  instead  of  corresponding  with  the  degree  of  latitade 
of  Paris,  will  be  irregular  and  curved,  passing  through 
having  ft  very  different  ktitudc  from  Paris. 

Fig.  510  represents  the  eartVs  surface  in  Mercator's  proportic 
with  the  isothermal  lines  at  every  5  degrees.     At  the  ter 
equator,  the  mean  temperature  of  the  sea-coast  ia  27,5®,  altfaougV 
somewhat  less  upon  the  western   coast  of  America  and  Africa ;  in 
the  interior  of  these  two  continrnta,  especially  in  that  of  ^Vfrica, 
the  mean  temperature  is  higher  than  on  the  sea-shore,  the  miai^^_ 
temperature  of  the  equator  in  the  latter  continent  is  above  29**.      ^^M 

An  examination  of  the  chart  in  Fig.  510  will  spare  us  a  furthri^^ 
description  of  the  courac  of  the  isothcnual  lines.     Wc  ob8er\'e  how 
considerable  their  curves  become  in  the  northern  hemisphere  the 
further  wo  remove  from  the  equator;  the  isothermal  line  of  (^^ 
for  instance,  ascends  from  the  southern  end  of  the  coast  of  Liibi 
dor  across  Iceland  towards  the  North  Cape,  in  order  to  decl 
again  eonsiidcrably  in  the  interior  of  Asia. 

Where  the  isothermal   lines   incline  the   farthest   towards    the 
south,  they  describe  a  concave ;  and  where  they  ascend  the  high 
towards  the  north,  a  convex  vertex.  The  southern  turning  points 
the  isothermal  lines  lie  in  the  east  of  North  .Ajnerica  and   iu  t 
interior  of  A^a,  while  the  northern   turning  points    lie   on   tl 
western  coasts  of  Europe  and  America. 

The  relations  of  temperature  of  the  southern  hemisphere  are 
nearly  so  perfectly  known  to  ua  as  those  of  the  northern  hei 
sphere;   we  may,  however,  consider  it  as   established,    lliai   t 
southern  ia  colder  than  the  northern  hemisphere,  although    t 
difference  may  perhaps  be  less  considerable  than  we  are  gcneraU* 
disposed  to  assume  it.     The  circumstance  that  has  probably  coik 
tributed  to  the  opinion  that  the  southern  is  so  much  colder  than 
the  nortliern  hemisphere,  is,  that  the  relations  of  tompemture  of 
the  southern  part  of  America  have  l>cen  compared  with   th 
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like  northern  latitudes  in  Kuro)>e,  where  the  isothermal  lines 
usccud  60  very  considerably  to  the  north ;  the  matter  u  very 
different  when  we  compare  districts  of  South  America  with  th<>»e 
lying  equally  far  from  thn  equator  on  the  east  aide  of  North 
America. 

That  the  southern  hemisphere  is  somewhat  colder  than  the 
northern,  arises  prohahly  from  the  fact,  that  in  the  former  water, 
and  in  the  latter  land  predominates.  The  continent  is  much 
more  heated  hy  the  absorption  of  the  sun's  rays  than  the  aca, 
which  reflects  a  preat  portion  of  them. 

Isothermal  and  hochimenal  lines. — We  have  thus  stated  that  all 
places  lying  on  the  same  parallel  circle  have  not  the  aanic  climate ; 
here,  however,  the  question  arises,  whether  all  placea  on  the  same 
isothermal  lines,  consequently  such  as  have  the  same  mean  annual 
heat,  have  likewise  otherwise  equal  climatic  relations.  We  need 
only  luok  at  the  table,  page  507,  in  order  to  convince  our- 
selves that  such  is  not  the  case.  Thus,  for  instance,  Edinburgh 
and  Tubingen  have  the  same  mean  annual  temperature  of  8,0** ;  at 
the  former  place,  however,  the  mean  tempcralurc  of  winter  is  3,6", 
at  the  latter  0,2*^ :  Tubingen  consequently  has  a  far  colder  win 
than  Edinburgh.  But  then,  again,  the  mean  summer  tcmpfratiire 
of  Tubingen  is  17,1^',  whUe  it  is  only  14,-1"  for  Kdinhurgh.  With 
a  like  mean  aimual  temperature,  Edinburgh  has,  therefore,  a  miJder 
winter  and  a  colder  summor  than  Tubingen. 

In  order  to  know  the  relations  of  heat  of  a  country,  it  is 
sufficient  to  be  acquainted  with  its  mean  annual  temperature, 
must  also  know  how  heat  is  distributed  during  the  diifercnt 
seasons  of  the  year.  This  distribution  may  be  shown  upon  an 
isothermal  chart,  by  setting  down,  according  to  HutHboidft  idea, 
the  mean  summer  and  winter  temperature  against  the  different 
places  upon  one  and  the  same  isothermal  line,  which  could  not  be 
done  ou  our  isothermal  chart,  owing  to  its  small  site ;  we  shall 
thus  see,  that  in  the  immediate  vicinity  of  the  convex  summit  uf 
the  isothermal  lines,  the  differences  between  the  mean  aummer  and 
winter  temperatiu*e  are  the  least;  the  same  reasons,  conseqiientlv, 
which  cause  the  isothcnnal  lines  upon  the  western  coast  of  Europe 
and  America  to  rise  so  far  to  the  northward,  make  the  difiTerrnce' 
between  the  summer  and  winter  temperature  less  considerable. 
A  ver)'  good  idea  of  the  distribution  of  heat  in  winter  and 
summer  may  be  obtained  by  means  of  a  chart^  in  which  all  plana 
having  the  same  mean  winter  tem])eraturc  are  connected  together 
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by  rnrvcil  lines,  as  nrc  also  all  the  pUrni  that  liavc  the  name  mean 
suminer  temperature.  The  hno«  of  like  mean  winter  temperature 
are  termed  uochimenalf  and  those  of  tike  mean  fiiunmcr  temperatnre, 
ixoihennai  Fij:.  511  represents  a  small  chart  of  Knropc  with  the 
isothermal  and  isoebimcnal  Uucu  draun  at  every  5  dcgreea. 

riG.  511. 


+  25* 


—20" 


O' 


The  oiirve«,  whose  eorrwpondiDg  temperaturee  arc  on  the  right 
Hide  uf  the  chart,  arc  the  itochimenal,  and  tlie  t)ther  the  Uothn-mat 
lincM,  We  may  easily  see  from  thia  chart,  that  the  wewlem  eoasts 
of  the  Bouthcrn  part  of  Norway,  Denmark,  a  portion  nf  Bohemia 
and  Hun^ar),  Truusylvama,  Besaarabia,  and  theBouthtrn  cxtiemity 
of  the  peninsula  of  the  Crimea,  have  the  same  mean  winter  tem- 
perature of  0".  Bohemia,  however,  has  the  »amc  summer  heat  aa 
the  districts  IjHng  at  the  mouth  of  the  Garonne,  and  in  the  Crimea 
the  summer  is  far  hotter.  Dublin  has  the  same  mean  winter  tem- 
perature, viz.  5'\  as  Nantes,  Upper  Italy^  and  Constantinople,  with 
the  same  summer  heat  as  Drontheim  and  Finland. 

The  isothermal  line  of  20"  passes  from  the  trionth  of  the 
Oar<mnc,  nearly  over  Strasburg  and  Wumburg  to  Bohemia,  the 
Ukraine,  the  country  of  the  Don  CuHsaekn,  somewhat  to  the  north 
of  the  Caspian  Sea ;  how  different,  however,  is  the  mean  winter 
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tcmperuturc  at  iliffercnt  places  npon  this  line  I  On  the  western 
coasts  of  France  it  is  5^-,  in  Bohemia  C,  in  the  Ukraine  —  5",  and 
somewhat  to  the  north  of  the  Caspian  Sea  even  —  10". 

TIte  climate  on  land  and  at  sea. — The  consideration  of  the  last 
map,  and  the  table  at  page  507,  lead  us  to  the  important  diffe- 
rence between  the  climate  at  sea  antl  on  the  land,  or  as  we  may 
also  express  it,  between  the  continental  and  littoral  climate.  The 
differences  between  the  summer  and  winter  temperature  increaM 
with  the  distance  from  the  sea ;  on  the  Bca-side  the  summcra  arc 
cool  and  the  winters  mild,  whilst  in  the  interior  we  have  hot 
summers  and  cold  winters.  Tlicse  diifercnccs  appear  vcrj'  marVed, 
on  comparing  tlie  relations  of  temperature  of  the  western  shores  of 
Europe  with  those  of  northern  Asia.  In  order  to  be  able  easily 
to  mai'k  the  relation  of  the  mean  annual  temperature  to  the  distri* 
butiou  of  heatj  we  have  sat  dowTi  from  examples  derived  fr«)m  the 
tablcj  page  507,  the  mean  annual  temperature  iust,  the  mean 
Hummcr  temperature  above,  and  the  mean  winter  temperature 
below  a  horizontal  hue : 


Littoral  cliBiAte. 


Continental  climite. 


North  Cape 
Reiki  avig  . 


0,1 


6,4 


i,6 


t,0 


12,0 
-1,6 


Jakuzk 


Irkiuk 


Moscow 


—  9,7 
^0.2 

—  3,6 


17,2 


—38^ 

15,9 
—17,6 

16,8 
—10,3 


The  influence  that  snch  cHmatic  differences  must  exercise  upon 
vegetation  is  evident.  Thus,  in  many  parts  of  Siberia,  at  Jakuik,  | 
for  instance,  where  the  mcuu  annual  temperature  is  —  9,70,  while 
the  mean  winter  temperature  is  —  38^9*^  wheat  and  rye  an; 
raised  upon  a  soil  which  remains  constantly  frozen  at  the  depth  of 
3  feet ;  while  iu  Iceland,  where  the  mean  tom|>eralurc  of  the 
year  is  very  much  higher,  and  the  winter's  cold  but  inconside- 
rable, it  is  impossible  to  raise  any  of  the  cereals,  as  the  low 
summer  temperature  does  not  suffer  them  to  ripen. 

In  the  north-east  of  Ireland,  where  there  is  scarcely  any  ice  or  I 
frost  in  the  winter,  at  the  same  latitude  as  Konigsberg,  the  myrtle 
thrives  as  well  as  iu  Pi^rtugal;  on  the  coast  of  Devonshire,  ^^J 
Camellia  Japonica  and  the  Fudtaia  Coccinea  live  through  ^H 
winter  in  the  open  air;  the  winter  is  not  colder  in  Plymo^^ 
than  in   Florence  and  Moutpellicr;    the  vine  will  not    thriTe 
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England,  however,  for,  althougli  it  can  endure  a  tolerably  stron;^ 
degjrce  of  cold,  it  requires  a  hot  summer  to  make  the  fruit  rij>en 
and  \\c\d  a  drinkable  wnc. 

These  differences  are  owing  to  the  more  easy  absorption  and 
radiation  of  heat,  which  becomes  heated  and  again  cooled  more 
rapidly  than  the  sea,  which  by  the  continent  is  evcr)*where  of 
an  uniform  nature,  and  from  its  transparency  and  the  consider- 
able amount  of  si>ceiiic  heat  of  water,  is  neither  so  rapidly  healed, 
nor  BO  speedily  deprived  of  the  heat  it  has  onoe  acquired.  Thu 
temperature  of  the  surface  of  the  sea  is  on  that  account  far  more 
uniform,  the  diurnal  as  well  as  the  annual  alteruations  arc 
incomparably  less  than  in  the  middle  of  large  continents,  whence 
arises  the  above-mentioned  difference  between  the  climate  on  the 
land  and  at  sea ;  it  ia  likewise  augmeutcd  by  the  sky,  which  is 
mostly  overcast  on  the  shores  of  countries  lying  towards  the  north, 
and  tempers  the  heating  influence  of  the  solar  rays  in  suiumer,  and 
checks  the  excessive  cooling  of  the  earth  in  wmtcr  by  radiatioM 
of  heat. 

Causes  of  the  curvature  of  the  Isothermal  liiiet. — The  most 
important  causes  that  contribute  to  the  curvature  of  the  isothermal 
lines  so  much  to  the  north  on  the  western  shores  of  Europe  and 
America,  are  essentially  as  follows : 

In  the  northern  temperate  zone,  south-west  and  north-east 
winds  prevail.  The  former  come  from  the  equatorial  di^itriets, 
and  partially  bear  the  beat  of  the  tropics  towards  colder  regions; 
this  warming  influence  of  the  south-west  winds  ia,  however, 
nmfit  marked  in  those  districts  which  are  the  most  exposed  to 
south-western  currents  of  air,  and  thus  we  sec  why  it  is  that  the 
western  shores  of  great  continents  become  warmer  than  the  eastern 
eoasts,  and  that  the  isothermal  lincH  in  Europe,  which  is  actnnlly 
only  a  peninsular  prolongation  of  the  Asiatic  continent^  and  on  the 
western  shores  of  North  America,  ascend  further  to  the  nortli 
than  in  the  interior  of  Asia,  and  on  the  eastern  shores  of  North 
America, 

A  second  cause,  to  which  Europe  owes  its  relatively  warm 
climate,  is  this,  that  in  the  equatorial  region  it  is  bounded  towards 
the  south,  not  by  a  sea,  but  by  an  extensive  continent,  Africa, 
whose  vast  extent  of  desert  and  sand  render  it  extremely  hot  when 
exposed  to  the  vertical  solar  rays.  A  warm  eurrmt  of  air  rises 
continoally  from  the  glowing  hot  sandy  wastes,  to  descend  again  in 
Europe. 
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Finally,  the  current  known  by  the  name  of  the  GtJf  Stream 
contributes  consiJenibly  to  make  the  European  climate  milder. 
The  origin  of  this  current  i»  to  be  sought  for  in  the  Gulf 
of  Mexico,  where  the  water  ia  at  a  temperature  of  31°.  Issuing 
from  the  Gulf  between  Cuba  and  Florida,  the  stream  at  first 
skirts  the  American  shores,  and  then,  as  it  comes  into  higher 
latitudes,  turns  with  decreasing  temperature  eastward  towards 
Europe.  Althougli  the  Gxdf  Sti*eam  docs  not  actuuliy  reach  the 
shores  of  Europe,  it  nevertheless  distributes  its  heated  waters, 
under  the  influence  of  the  pmailinjr  south-west  winds,  to  the 
European  waters,  as  is  proved  by  our  finding,  on  the  western 
shores  of  Irelaud  and  on  the  coast  of  Norway,  the  fruita  of  trees 
that  prow  in  the  hot  zonr  of  America ;  the  west  and  sonth 
winds  remain,  therefore,  long  in  contact  with  a  sea  water,  ^-hose 
temperature  between  45  and  50  degrees  of  latitude  docs  not 
even  in  January  sink  below  from  10,7  to  9^.  Northern  Kunipe 
is  thus  separated  by  the  iiiilucncc  of  the  Gulf  Stream  from  the 
circle  of  polar  ice  by  means  of  a  sea  free  from  ice ;  even  at 
the  coldest  season  of  the  year  the  limits  of  polar  ice  do  not 
reach  the  European  shores. 

Whilst  all  circumstances  thus  combine  to  raise  the  temptralure 
in  Europe,  many  causes  contribute  in  Northern  Asia  to  lowrr  the 
isotbcnnal  lines  very  considcrubly.  In  the  south  of  Asia  there 
are  no  extensive  thstriets  of  laud  between  thf  tropica,  but  merely 
a  few  ])cninsidas  comprised  within  this  zone ;  the  sea,  however, 
docs  not  tH-eunie  so  much  heated  as  the  African  deserts,  partly 
because  the  water  absorbs  rays  of  heat  to  an  incomparably  smaller 
extent,  and  partly  also  because  a  great  quantity  of  heat  goes  off 
in  the  latent  state,  owing  to  the  constant  eva[M)ration  of  watefi 
from  the  siufacc  of  the  sea.  The  warm  currents  of  air,  wbid^H 
rising  from  the  basin  of  the  Indian  Ocean,  would  convey  th^^ 
heat  of  the  tropics  to  the  interior  and  north  of  Asia,  are  impeded 
in  their  course  by  the  huge  mountain  ranges  in  the  south  of  Am^ 
whilst  the  land,  which  gradually  flattens  towards  the  north,  is  left 
exposed  to  the  north  and  north-east  winds.  While  Europe 
does  not  stretch  far  northward,  Asia  penetrates  a  considerable 
way  into  the  Arctic  Sea,  which,  deprived  of  all  those  healin; 
influences  by  which  the  temperature  of  the  European  seat  k 
raised,  is  almost  always  covered  with  ice.  In  every  dirrctka 
the  northern  shores  of  Asia  penetrate  the  wintry  lionts  gt 
the  polar  ice,  the  summer  boundary  of  which  is  only   rzxoemd 
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fur  a  short  time  and  at  a  few  places  from  the  coasts ;  that  this 
circumstance,  however,  must  considerably  lower  the  temperature, 
will  be  easily  understood  when  we  consider  how  much  heat 
becomes  latent  by  the  fiision  of  such  masses  of  ice. 

The  considerable  depression  of  the  isothermal  lines  in  the 
interior  and  upon  the  castcni  shores  of  North  America,  depends 
in  part  upon  the  south-west  winds^  which  not  being  sea,  b\it  land- 
winds,  arc  therefore  tinable  any  longer  to  difiiise  the  milder 
influence  that  they  exert  upon  the  western  shores.  AVhilat  the 
Kuropcan  shores  are  washed  by  warmer  waters,  cold  sea-currents 
come  from  the  north  and  south  towards  the  eastern  eliorcs  of 
North  America.  Such  a  current,  coming  from  Spitzbergen,  paasea 
between  Iceland  and  Greenland,  and  then  combines  with  the 
currents  that  come  from  Hudson's  Bay  and  Baffin's  Bay,  passes 
down  the  coast  of  Labrador,  past  Newfoundland,  and  empties 
itself  finally  in  the  Gulf  Stream  at  'l-t"  N.  lat.  This  arctic  current 
bears  the  cold  of  the  jjolar  regions,  partly  by  the  low  temperature 
nf  the  water,  but  chietly  by  floating  icebergs,  into  the  southern 
districts,  and  thus  becomes  a  main  cause  of  the  considerable 
depression  of  the  isothermal  lines  on  the  eastern  coasts  of 
America. 

Temperature  of  the  grottnd. — We  have  hitherto  only  spoken  of 
the  temperature  of  the  air,  and  not  of  tbat  of  the  npprr  layers  of 
the  ground,  which  vary  considerably  from  the  temjicrature  of 
the  air,  according  to  the  nature  of  the  surface.  Where  the 
soil  is  barren,  deprii'ed  of  regetablc  gronths,  stony  or  sandy, 
it  becomes  far  hotter  by  the  absorption  of  rays  of  heat  than 
one  that  is  covered  with  plants ;  for  instance,  a  piece  of  meadow- 
laud  becomes  much  cooler  by  noctunial  radiation  than  the  air, 
whose  temperature  is  made  more  uniform  by  the  effect  of  con- 
tinued currents.  In  the  deserts  of  ^Vfrica,  the  heat  of  the  sand 
often  amounts  to  from  50  to  60^.  A  soil  covered  with  vegetable 
growths  remains  cooler,  owing  to  the  solar  raya  not  striking  it 
directly ;  the  plants  themselves  combine,  to  a  certain  degree,  a 
Urge  amount  of  heat,  whilst  a  quantity  of  water  is  e\-aporatcd  by 
vegetation;  but  they  cool  so  considerably  in  their  great  capacity  of 
emission  of  heat  by  radiation,  as  we  shall  sec  when  we  come  to 
sjieak  of  the  fonnatioD  of  dew,  that  the  ttinpcraturc  of  the  grass 
often  falls  from  6  to  9"  l>elow  that  of  the  nir.  In  the  interior  of 
woods  and  forests  the  air  is  constantly  cool,  owing  to  the  thick 
leafy  covering  acting  in  the  same  oooluig  manner  as  the  covering 
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of  grasSj  and  becnusc  the  cooled  nir  is  precipitated  upon  the  tops 
of  the  trees. 

Tlic  heat  on  the  iippennoBt  surface  of  the  ground  can  only 
penetrate  to  the  interior  by  degrees,  owing  to  its  imperfect  capacity 
for  condttcting  heat ;  the  deeper  layers  of  the  soil  lose  their  heat 
less  rapidly  than  the  upper  oncs^  and  thus  at  some  little  depth  the 
variations  of  tcrapcrature  arc  less  marked  than  on  the  surface 
itself.  In  Germany  these  variations  of  tempi-raturc  disappear  at  a 
depth  of  6  decimetres,  and  at  a  greater  depth  the  annual  variations 
even  vanish ;  so  that  a  tempcrnture  prevails  here  differing  but  little 
from  the  mean  temperature  of  the  place. 

Although  all  the  heat  «])ori  the  earth's  surface  comes  from  the 
sun  alune,  the  earth  has  alHo  its  own  peculiar  heat,  as  may  be  proved 
by  the  increase  of  teniptTaturc  obsencd  at  great  depths.      If  the 
heat  augment  towards  the  centre  of  the  earth  in  the  same  propor-      ■, 
tion  as  oar  observations  indicate,  at  the  depth  of  3200  mctre^H 
there  would  be  a  temperature  equal  to  that  of  boiling  water,  whi^^* 
at  the  centre  of  the  earth  all  bodies  would  be  in  a  state  of  fusion. 
That  ujion  the  smfiice  of  uur  planet  we  |»erceivc  nothing  of  this 
intenst:  lu-at  of  its  interior  may  l>e  evj)laincd  by  the  bad  cajNicitv 
for  conducting  heat  possessed  by  the  cooled  earth's  crust  which 
8urround»  this  glowing  nucleus. 

Springs  that  yield  the  most  copious  supply  of  water  vary  but 
little  in  their  tcaipcraturc  at  the  different  seasons ;  in  our  bemi- 
B|»luTe   tlicy  attain   tluir  highest  tcm])craturc  in  September,  and 
their  lowest  iu  March ;  the  difference  between  the  two  aiuountin^^_ 
generally  to  only  1  or  2°«  ^^M 

Springs  which  arise  from  a  great  depth  have  a  far  higher  tcm-^^ 
peruture,  as  is  the  ease  with  salt  and  oUier  niinrral  springs.      Tlie 
water  of  many  of  these  salt  springs  has  almost  the  tenipcratuiv  of 
the  boiUug  point.  ^H 

Decrease  of  ietnperature  in  the  upper  regions  of  the  atr.— ThB^ 
heating  of  the  air  arises  from  two  causes:  in  the  first  place  it 
absorbs  a  part  of  the  rays  of  heat  coming  from  the  sun ;  but  as 
the  air  absorbs  rays  of  heat  to  a  uiucli  nioir  ineonsiderablu  deffr«e 
than  the  earth's  surface,  the  air  is  likewise  much  less  beated  by 
the  absorj)tion  of  rays  of  heat  than  the  ground ;  thus  the  atmo- 
sphere receives  the  greatest  portion  of  its  heat  from  below. 

If  the  air  were  not  an  elastic  Huid,  the  density  of  the  atmoaplta^      | 
woidd  remain  the  8ame  for  all  elevations;   the  strata  of  air  warmed 
upon  the  surface  would  ascend  to  the  limits  of  the  atmosphecc,  m^ 
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the  uppcrmoat  strata  of  the  air  surrounding  our  earth  would  like- 
wise be  the  warmeBt.  But  as  the  warm  strata  of  air  expand  in 
their  ascent,  heat  is  ab&orl)ed  by  this  expansion,  and  their  tempe- 
rature lowered :  from  which  it  follows  that  the  higher  strata  are 
the  coldest. 

AVe  may  cosily  convince  ourselves  that  such  a  depression  of 
temperature  actually  occurs  in  the  higher  regions  of  the  air, 
when  wc  nseeud  into  these  regions  by  means  of  a  balloou,  or  to 
the  summit  of  some  high  mountain. 

In  the  Alps  an  elevation  of  180  metres  coiresponds,  on  an 
average,  to  a  depression  of  temperature  of  P. 

As  a  consequence  of  the  decrease  of  temperature  with  an 
increase  of  altitude,  the  summits  of  high  mountains  arc  always 
covered  with  jinow. 

The  limits  of  perpetual  snow  naturally  lie  higher  in  proportion 
as  wc  approach  the  torrid  zone. 

The  height  of  the  snow-line  is  as  follows : 


The  coast  of  Norway 

720  metres 

Iceland    .         . 

.       936 

The  Alps 

.     2708 

Mount  Etna 

.     2905 

The  Himalayas 

.     4500 

Mexico 

.     4500 

Quito       . 

.     4«00 

CHAPTEf 

t  II. 
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Wc  have  already  seen  that  the  pressure  of  the  air  is  measured 
by  the  barometer.  We,  however,  obsene  constant  variations  in 
this  instrument,  indicative  of  an  ultcmatc  decrease  and  increase  in 
the  pressure  of  the  atmosphere. 

These  variations  of  the  thermometer  arc  cither  periodical  or 

accidental. 

L  Periodical  variations  are  very  marVed  in  their  charartcr  in  the 

I         tropics ;  for  instance,  the  thermometer  falls  from  10  a.m.  to  4  p.m., 

I         then  rises  until  11  p.m.;   falk  again  till  4  a.m.j  and  again  riaes 
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until  10  A.M.     The  buromctcr  thus  indicates  tn-o  daily  maxima, 
10  A.M.  and  al  11  p.m.^  nud  two  ntiuiiua,  at  4  a.m.  and  at  4  p.m. 

The  uuiuuiit  of  these  diurnal  variations  is  aboxit  2""". 

An  annual  period  of  the  Huctuations  of  the  barometer  is 
very  stnmgly   marked   within  the  tropics.     ThuSj    north    of  tk|B 
equator  the  barometer  falls  from  January  tdl  July^  and  then   rises 
again  from  July  to  January.     In  July  the  barometer  stands,  on 
average,  from  2  to  4  niilUmctres  lower  than  in  January. 

In  higher  latitudes,  the  accidental  fluctuations  of  the  barometer 
are  so  considerable  as  to  make  one  lose  sight  of  the  trifling  periodic 
variations  presented  in  tlieac  regions.  In  order  to  decide  whether 
there  is  not  also  a  periodical  rise  and  fall  in  the  accidental  oscilla- 
tions of  the  barometer,  it  is  necessary  to  compare  the  mean  num- 
bers of  a  large  series  of  barometic  obscr\'ations  made  at  re^olarly 
settled  hours  of  the  day.  If  we  observe  the  barometer  for  the 
temi  of  a  mouth  at  several  tixed  hours  of  the  daVj  and  take  the 
mean  of  all  the  obsenatious,  it  will  suffice  to  prove  the  existenee 
of  a  diurnal  period  of  the  ductuatious  of  the  barometer  even  for 
our  own  region. 

Obsenations  of  this  kind  have  proved  that  these  periodical 
oscillations  occiu*  even  in  our  latitude,  the  barometer  standing  at 
0  A.M.,  on  an  average,  0,7  millimetres  higher  than  at  2  p.m.; 
the  mean  height  of  the  barometer  is  also  somewhat  leas  in 
summer  than  in  winter.  ^^ 

Causes  uj  ike  osciUatiojis  in  the  barometer. — ^The  cause  of  ^H 
these  oscillations  is  to  be  sought  fur  in  the  unequal  and  conatantlY 
varying  distribution  of  heat   over  the   earth's   stufacc.     Aa   the    | 
distribution  of  heat  constantly  varies,  the  equilibrium  is  UkewiH    | 
disturbed   at   every   moment,   and    currents  of   air   arisej   whidi 
strive    to    restore    the   balance ;    the    air    is    thus    in    constant    [ 
motion,  sometimes  more  heated  and  then  lighter,  and   at   other 
tiiues   more   cooled,   and   consequcutly  denser.      As    it   contains 
sometimes  more,  sometimes  lesa  vapour,  the  pressure  of  the  oolumm 
of  air  will  also  be  exposed  to  continual  changes,  indicated  by 
barometer. 

Tliat  actual  changes  of  temperature  are  really  the  cauaea  oi 
oscillations  of  the  barometer,  is  proved  by  their  being  most  XDOOft- 
siderable  in  the  tropics,  where  the  temperature  variea  so  littk; 
in  higher  latitudes,  on  the  contrary,  where  the  variationt  flf 
temperature  are  always  more  considerable,  the  ampUtudc  of  Um 
accidental    oscillations  of  the  barometer  is  likewiac  very  errat 
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even  tu  summer,  when  the  temperature  is  generally  less  change- 
able, the  oscillations  of  the  barometer  are  less  than  in  u-inter. 

Although  we  may  generally  show  that  the  unequal  and  cod* 
stantly  var}'ing  temperature  of  the  air  must  be  followed  by  con- 
stant changes  in  the  amount  of  the  atmospheric  pressure,  we  arc, 
howerer,  still  far  from  being  able  satisfactorily  to  explain  these 
phenomena. 

If  the  air  is  mnch  heated  at  any  spot,  it  expandii,  the 
column  of  air  rises  above  the  mass  of  air,  and  rests  npon  the  colder 
parts  surrounding  it ;  the  ascended  air  consequently  tlows  off 
laterally  from  above,  the  pressure  of  the  air  must  decrease  at  the 
warmer  places,  and  the  barometer  sinks;  in  the  colder  parts, 
however,  the  barometer  ascends,  because  the  laterally-  diffused 
mr  in  the  upper  regions  of  the  heated  places  is  distributed  over 
the  atmosphere  of  the  cooler  parts. 

We  hencf  see  why  iu  our  districts  the  barometer  stands  on  an 
average  lowest  with  r  south-west  and  highe.st  with  a  north>east 
wind :  the  former  winds  bring  us  warm,  and  the  latter  eold  air. 
Mlicnever  there  is  a  warm  current  of  air,  the  atmosphere  must 
have  a  greater  height  than  where  the  cold  wind  prevails,  if  the 
pressure  of  the  whole  column  of  air  is  to  be  equal  at  both  places ; 
and  if  such  were  actually  the  case,  the  air  of  the  warm  current 
would  flow  off  from  above,  consequently  the  barometer  would  fall 
when  exposed  to  the  warm,  and  rise  when  exposed  to  the  cold. 

In  Enrope  south-west  winds  generally  are  the  ones  which  bring 
rain,  because,  coming  from  warmer  seas,  they  ore  saturated  with 
vapour,  which,  gradually  condensing,  falls  as  rain  when  the  wind 
reaches  colder  districts.  In  this  condensation  of  vapour  we  have 
another  reason  why  the  barometer  falls  with  the  south-west  winds. 
As  long,  for  instance,  as  the  vapour  of  water  as  ■  gas  forms  a  con- 
stituent of  the  atmosphere,  it  contributes  to  the  atmospheric  pres- 
sure, and  thus  a  portion  of  the  column  of  mercury  in  the  barometer 
is  sustained  by  the  vapour,  and  the  barometer  falls  when  the 
va[x>ur  LB  separated  by  condensation  from  the  atmosphere. 

As  the  south-west  winds,  which  occasion  a  sinldng  of  the  barometer 
in  oiur  latitudes,  briug  a  damp  air  nnd  rainy  weather,  whilst  the 
north-cast  winds,  which  dry  the  air  and  clear  the  sky,  cause  tlie 
barometer  to  rise,  we  may  say  that  in  general  a  high  state  of  tlie 
buometcr  indicates  fine  wruthcr,  whilst  its  depressed  condition 
forebodei  the  contrary.  This  is,  however,  only,  as  we  have  beforr 
remarked,  an  average  rule,  for  the  sky  is  oiien  cloudy  with  a 
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north-east  wind,  and  clear  with  one  coming  from  the  south- 
west; the  statement  ia  in  bo  far  true  as  that  the  barometer 
stands  high  or  low  according  to  which  of  these  two  vrinda 
prevails,  the  remark  in  the  latter  case  heing  nearly  true  on  an 
average.  We  are  unable  to  account  for  such  anomalies,  &om 
our  insufficient  knowltdge  of  the  manifold  elements  which  affect 
the  condition  of  equilibrium  of  the  atmoaphere. 

That  a  high  state  of  the  barometer  generally  indicates  clear 
weather,  and  a  fall  of  the  mcrciu*y  in  the  barometer  tube  the 
contrary,  is  only  true  for  those  places  where  the  warm  winds  are 
those  which  bring  the  raiu.  At  the  mouth  of  the  river  La  Plata, 
for  instance,  the  cold  south-east  winds  coming  from  the  sea,  and 
which  cause  the  barometer  to  rise,  are  winds  which  bring  rain,  while 
the  warm  north-weat  winds,  that  make  the  barometer  fall,  are  dry 
laud-wiudd,  and  bring  clear  weather.  To  the  cause  that  rain 
is  here  conveyed  by  cold  winds  is  to  be  ascribed  the  sn^oll  quan- 
tity of  rain  in  these  regions ;  whilst  at  the  same  latitude  on  the 
western  coast  of  South  Amt-rica  much  rain  falls,  although  bo^ 
too,  the  warm  north-west  wind  comes  from  the  sea.  ^H 

Origin  of  the  winds. — If  in  winter  wc  partially  open  the  door 
no.  512.  of  a  heated  apartment  communicating 

with  a  cold  space,  and  hold  a  bank- 
ing taper  to  the  upper  part  of  the 
crevice  (as  seen  in  Fig.  512)  the  OQt- 
wnrd  direction  of  the  tlame  will  indi- 
cate the  presence  of  a  current  of  air 
pasaing  from  the  heated  aps 
into  the  cooler  atmosphere, 
move  the  taper  downward,  the  ^aST 
will  constantly  become  more  and 
mure  upright;  until  at  about  the 
middle  of  the  height  it  will  remain 
perfectly  still,  being  no  longer  affected 
by  currents  of  air.  On  moving  it 
downward,  however,  the  flame  will  be  driven  inward.  "We  thm 
see  that  the  heated  air  flows  out  at  the  top  of  the  room^  whilst  the 
cold  air  enters  near  the  floor. 

As  here  the  unequal  warming  of  the  two  spaces  givea 
currents  of  air  on  a  small  scale,  so  does  the  unequal  and  erer- 
ing  warming  of  the  earth's  surface  give  rise  to  those  curreula^ 
air  which  wc  call  winds,     licre,  too,  we  may  sec  the  air  atocul 
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iu  the  more  lieatcd  rogtons,  and  flow  off  towards  the  colder  pftlft% 
whilst  below,  the  air  flows  from  the  colder  to  the  warmer 
rein  on  8. 

We  have  a  simple  illustration  of  this  in  those  land  and  sea- 
windsj  which  wc  so  frequently  obacnc  on  the  sea-shorcj  especially 
of  iabnds.  A  few  hours  after  sunrise  a  land-wind  sets  in  from 
the  sea,  owing  to  the  land  bein^  more  strongly  heated  than 
the  sea  by  the  sun's  rays ;  the  uir  rises  over  the  bind,  and  flows 
towards  the  sea,  while  from  below,  the  air  is  borne  from  the  water 
towards  the  shore.  This  aea-wirid  is  at  flrst  but  light,  and  only 
jierceptiblc  on  the  coast ;  by  degrees,  however,  it  increases,  and 
then  it  may  be  felt  out  at  sea  at  a  considerable  distance  from 
land;  between  2  and  3  p.m.,  it  is  strongest,  aftcrwartis  dying 
away,  until  at  sunset  a  calm  seta  in.  The  land  and  sea  are  now 
cooled  by  the  radiation  of  heat  towards  the  sky,  the  former, 
however,  more  rapidly  than  the  latter,  and  the  air  then  flows 
towards  the  seu  from  the  lower  regions  of  the  land,  whilst  an 
oppositely  directed  current  is  perceptible  in  the  up|>cr  regions  of 
the  air. 

A  rapid  condensation  of  atmospheric  vapour  is  also  to  be 
rcekuned  amongst  the  causes,  which  give  rise  to  violent  storms. 
When  we  consider  what  an  enormous  mass  of  water  falls  to 
the  gniund  during  a  sharp  shower  of  rain  in  the  course  of 
a  few  minutes,  and  what  an  enormous  volume  this  water  must 
have  comprised  when  suspended  in  the  air  in  the  form  of  vapour, 
it  appears  evident  that  a  considerable  rarefaction  of  the  air 
must  be  occasioned  by  this  sudden  condensation  of  vapour,  and 
that  it  must  rush  with  violence  into  the  rorcticd  space,  the 
more  so,  as  owing  to  the  condensation  of  the  \'apour,  the 
temperature  of  the  air  is  raised  by  the  liberated  heat,  and  a 
strong  rising  current  thus  engendered. 

Wc  often  obsen'c  the  clouds  pass  in  a  direction  different  from 
the  one  indicated  by  the  weather-cock,  and  that  the  higher  clouda 
move  in  on  up|>osite  direction  to  those  below  them,  whence  it  is 
eWdent  that  at  different  elevations  currents  of  air  move  in  contrary 
directions. 

Trade-winds  and  monsomu. — When  Colwnbtis,  on  his  voyage  of 
discovery  towards  America,  saw  that  his  ship  was  driven  on  by  a 
continual  eaat  «'ind,  his  companions  became  filled  with  terror, 
OK  they  feared  they  should  never  be  able  to  return  to  Europe. 
This  wind  of  the  tropics,  which  constantly  blows  from  the  east 
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to  the  west,  and  so  greatly  excited  the  wonder  of  the 
navigators  of  the  15th  ccutiuy,  is  the  trade-wind.  Seamen  avail 
themselves  of  this  wind  to  sail  from  Kuropc  to  America,  l>y  steer- 
ing southward  from  Madeira  to  the  vicinity  of  the  tropic,  where 
they  are  then  carried  westward  by  the  trade-wind.  This  course  is 
80  certain,  and  attended  with  so  little  labour,  that  the  Spanish 
sailors  gave  the  name  of  Ladies'  Gulf  {el  Gulfo  de  las  Demuat) 
to  this  portion  of  the  Atlantic  ocean.  This  wind  also  blows 
in  the  South  Sea,  and  the  Spanish  navigators  let  their  ships  be 
propelled  by  it  in  a  straight  line  from  Acapulco  to  Manilla. 

In  the  Atlantic  Ocean  the  trade-winds  extend  from  28^*  to 
30^  lat.;  but  in  the  great  ocean  {the  Pacific)  only  to  25*^  N.  lat. 
In  the  northern  half  of  the  torrid  zone,  the  trade-wind  blows  in 
a  north-east  direction,  and  becomes  more  decidedly  east  as 
it  approaches  the  equator.  The  limits  of  the  trade-wind  ore  leas 
well  defined  in  the  southern  hemisphere,  where  it  has  a  south-east 
direction,  and  inclines  more  towards  due  east  the  more  it  approaches 
the  equator. 

These  winds  blow  round  the  whole  globe,   but  as  a  geni 
rule  they  do  not  become  perceptible  within  fifty  Qerman 
from  the  land. 

Where  the  north-east  trade-wind  meets  the  south-east  trade-wind 
of  the  southern  hemisphere,  Ihii  two  merge  into  a  purely  eastern 
i\-ind ;  which,  however,  is  not  perceptible,  because  the  horizontal 
motion  of  the  air  (which  has  been  heated  by  the  intensity  of  the 
sun's  rays,  and  thus  made  to  ascend)  is  neutralized  by  this 
vertical  motion.  There  would  be  almost  a  perfect  calm  in  thoc 
regions  if  the  violent  stonns  accompanying  the  torrents  of  rain, 
which  occur  almost  daily  vnih  thunder  and  lightning,  were  nol 
to  disturb  the  calm  of  the  atmosphere,  and  prevent  the  blowing 
soft  regular  winds. 

This  Konc,  which  separates  the  trade-winds  of  both  hemiapb 
is  the  ret/ion  of  calms. 

The  httle  map  seen  in  Fig.  513,  serves  to  indicate  the 
in   which   the  trade-winds   prevail.      The   middle  of  the 
of  calms,  extending  about  6"  in  width,   does  not  coincide 
the  equator,  as  we  might  be  led  to  expect,  hut  lies  to  the  north  of 
it.     During   our   summer   months,  the   zone   of  these    calms   is 
broader,  and  its  northern  boundary  is  further  removed  (rem  the 
equator,  whilst  its  southern  line  is  but  little  changed. 

The   cause   why   the   region    of    calms   hcs   in    the    northi 
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hcmispbcre,  may  be  sought  for  in  the  coniigiiration  of  tbc  con* 
tiucuts. 
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The  tnulc-winda  may  He  easily  cxplaiued.  The  air  tlmt  has 
been  strongly  heated  in  tbc  equatorial  regions  a.scends,  and  rising 
over  the  colder  masses  of  air  on  cither  side,  flows  upwards 
towards  tbc  poles,  whilst  below,  it  tiows  from  the  poles  towards  the 
equator.  If  the  earth  did  not  rotate  on  its  axis,  the  trade-wind 
in  the  northern  hemisphere  would  blow  directly  from  north  to 
south,  while  in  the  southern  hemisphere  its  direction  would 
be  opposite.  The  earth,  however,  rotates  from  west  to  east, 
and  the  atmosphere  surrounding  it  partakes  of  this  rotatory 
motion. 

The  nearer  a  place  upon  the  earth's  surface  is  to  the  jjoIcs,  the 
slower  will  it  move  during  iU  twenty -four  hours'  revolution,  because 
the  space  it  describea  diminishes  as  it  recedes  from  the  equator. 
The  rotatory  velocity  of  the  maas  of  air  over  the  earth,  is 
consequently  less  near  the  poles  than  it  is  at  the  equator; 
if  then,  a  mass  of  air  comes  from  higher  latitudes  to  the  equatOTj 
it  will  pass  over  diatriets  with  a  less  velocity  of  rotation  than 
that  with  which  these  move  from  we«t  to  eaiit ;  in  relation  to  the 
places  rotating  below  it,  it  will,  therefore,  have  a  motion  from  cast 
to  west.  This  motion  combines  with  the  motion  towards  the 
equator  to  produce  a  north-east  in  the  northern,  and  a  south^eaat 
wind  in  the  southern  hemisphere. 

The  air  which  rises  in  the  equatorial  regions  Bows  off  on  cither 
side  towards  the  direction  of  the  jmiIcs.  The  course  of  tbc  upper 
trade-wind  is  naturally  directly  opposite  to  that  of  the  lower  one, 
being  south-west  in  the  northern,  and  north-west  in  the  southern 
hcinifipbere. 

We  may   prove  by  facte,  that  there  is  actually  a  trade-wind 


in  the  upper  regions  of  the  air;  thus,  for  instance,  on  the  Sotli 
February,  1835,  at  an  eruption  of  the  volcano  of  Cosij^uiua,  in  \ 
State  of  Guatimala,  the  ashes  were  ejected  to  the  elevation 
the  upper  trade-wind,  and  were  carried  by  it  in  a  south-west  dii 
lion,  and  precipitated  on  the  island  of  Jamaica,  although  the  n<f 
trade-wind  was  blowing  in  the  rnpons  below. 

At  a  greater  distance  from  the  equator,  however,  the  up| 
trade-wind  inclines  more  and  more  towards  the  earth's  surf4 
At  the  summit  of  the  Peak  of  TenerifTc,  west  wiuds  almost  alwi 
prevail,  whilst  the  lower  trade-wind  blows  at  the  level  of  jj 
»ea. 

In  the  Indian  Ocean,  the  regularity  of  the  trade-winds 
disturbed  by  the  configuration  of  the  land  surrounding  this  sttt 
for  instance,  by  the  Asiatic  continent.  In  the  southern  part  of  < 
Indian  Ocean,  between  New  Holland  and  Madagascar,  the  aoajj 
cast  trade-wind  prevails  throughout  the  year,  while  a  contt^ 
south-west  wind  blows  in  the  northern  part  of  this  ocean  dni^ 
six  months  of  the  year,  and  a  constant  north-east  wind  durinr  4 
remaining  period  of  the  year.  These  rcgtdarly  alternating  wia 
are  called  monsoons. 

The  south-west  wind  blows  from  April  tdl  October,  while  tl 
north-east  wind  prevails  during  the  other  months.  i 

As  during  the  vrinter  the  Asiatic  continent  ia  cooled,  vH 
a  grejitcr  heat  is  engendered  in  the  southern  regions,  m  nortfapfll 
trade-wind  must  naturally  pass  from  the  colder  parts  of  Am 
hotter  regions.  At  this  time  too,  the  north-east  tri 
is  separated  from  the  south-west  trade-wind  in  the  Indian 
by  the  region  of  calms. 

During  the  summer  months,  the  passage  of  the  aouth-cast 
wind  between  New  Holland   and  Madagascar,   is    not 
whilst   in   the   northern   parts   of  the    Indian    Ocean,    tlj.   ■:, 
that  had  blown  during  the  winter  from  the   iiorth-cji^t. 
changed  into  a  sonth-west  wind,  owing  to  the  Asiatic 
becoming  so  strongly  heated,   and  a  current    of  air  bcinc 
conveyed  towards  the  north,  whicli  by  the  rotatiou  of  the 
converted  into  a  soiith-wcst  wind. 

Winds  in  higher  latitudes. — ^Thc  upper  trade-wind,  whii 
the  air  from  the  equatorial  regions,  falls  more   and  mocr, 
been  already  mentioned,  and  finally  reaches  the   earth  a* 
west  wind ;  when  beyond  the  region  of  the  trndc-win^, 
currents  of  air   that  pass  from  the    poles   to    the 
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back  from  the  equator  to  the  poles,  no  longer  blow  ovcr^  but  even 
with  each  other  eudeuvouring  to  replace  one  another;  thus,  on 
the  south-west  or  the  north-cast  wind  predominating  from  time  to 
time,  wc  bcc  on  the  transition  of  the  wind  from  one  direction 
to  another,  the  currents  of  air  moving  in  all  points  of  the 
weather-ooek. 

Although  the  sonth-west  and  north-east  wind«  predominate  also 
in  higher  latitudes,  wc  tind  no  re^ilarly  |>eriodic  alternation  in 
their  occurrence,  aa  ia  the  case  with  the  mouaoona  in  the  Indian 
Ocean. 

The  following  table  indicates  the  frequency  of  the  winds  in 
different  countries ;  giving  the  number  of  average  times  that  each 
wind  blows  during  every  one  thousand  daya- 
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Laws  of  the  change  of  wind. — Although  the  changes  in  the 
direction  of  the  wind  appear  on  a  supcrtlcial  view  to  be  wholly 
devoid  of  rule  in  our  regions,  attentive  observers  have  long  since 
made  the  remark  that  winds  generally  succeed  each  other  in  the 
following  order : 

S.  Sn\  IV.  NW.  N.  NE.  E.  SE.  S, 
This  Rltomation  in  the  winds  may  be  the  most  regularly 
otwervcd  during  the  winter.  The  changes  of  the  barometer  and 
i  thermometer  which  arc  connected  with  thes<<  changes  of  wind, 
kbavc  been  well  described  by  Dove  in  the  following  words. 
^V  "When  the  smtth-wesf  wind,  constantly  increasing  in  forcc^ 
^at  length  predominates,  it  raises  the  tcinporature  above  the 
^/reccing  point;  and  the  snow  is  consequently  eonverti-d  into 
^rain^  whilst  the  barometer  falls  to  the  1owc«t  mark.  The 
;  vrind  then  veers  round  to  the  west,  and  the  demw  flakes  of  snow 
tndicatc  the  accesaion  uf  a  colder  wind  no  less  than  the  rapid 
rise  of  the  barometer,  the  motion  of  the  weather-cock,  and  the 
rmionietcr.  A  north  wind  clears  the  heavens,  and  a  north-emt 
nd  ctfccts  a  maximum  of  cold  and  of  the  barometer.  This, 
jowcrer,  is  gradually  lowered,  and  the  occurrence  of  6ne  cirri 


indicate  by  the  direction  from  wliicb  they  come  i 
southern  wind,  which  is  soon  felt  by  the  barometer,  although  the 
weathcr-cock  may  not  have  experienced  any  change,  and  may  still 
be  poiuting  due  east.  The  southern  wind,  however,  continacs  to 
drive  the  eastern  current  donniward,  and  on  a  decided  falling 
of  the  mercury,  the  weather-cock  points  south-east^  when  tbe 
heavens  again  become  g^radually  overcast,  and  with  the  increase 
of  heat,  the  snow  that  had  fallen  with  a  south-east  and  south  wind 
is  a^in  converted  into  rain  by  the  south-west  wind.  The  same 
then  begins  again,  the  change  from  the  cast  to  the  west  course 
being  generally  characterised  by  the  occurrence  of  a  short  iuteml 
of  fine  weather." 

The  sliifting  of  wind  docs  not  always  admit  of  being  as 
larly  traced,  as  iis  indicated  above,  there  being  often  a  recurrence 
of  the  wind  to  its  old  quarter ;  this,  however,  is  far  more  frequently 
observed  in  the  west  than  the  eastern  points  of  the  compuss.  A 
perfect  change  of  the  wind  in  an  opposite  direction,  as  from  sooth 
to  CBst,  north,  or  west,  is  very  rarely  observed  in  Europe. 

The  explanation  of  this  law  ia  obtained  by  the  geueralizatic 
the  explanation  concerning  the  trade-winds. 

If  the  air  from  any  cause  l>e  driven  from  the  poles  towards  th^ 
equator,  it  will  pass  from  places  having  but  an  inconsidcrabJe 
rotatory  velocity  to  such  as  possess  a  greater  degree  of  speed ;  and 
its  motion  will  thus  acquire  an  eastern  direction,  as  we  hare 
seen  in  the  case  of  the  trade-wind.  On  the  northern  hcmispkcrc 
the  winds  which  arise  in  the  north  pass  therefore  in  their  gndod 
progress  through  the  north-cast  to  the  east.  If  an  east  wind  that 
arise,  it  will,  if  the  same  causes  continue  in  operation  which  bafe 
driven  the  air  towards  the  equator,  act  retardingly  tipou  the  pol« 
current;  the  air  will  acquire  the  same  speed  of  rotation  as  the 
place  over  which  it  pasBCs,  and  if  the  tendency  to  return  to 
fquator  still  continue,  the  wind  will  shift  back  to  the  north 
the  same  series  of  phenomena  will  be  repeated. 

If,  however,  after  the  polar  cun*ent  has  predominated  for  a  t^m* 
and  the  direction  of  the  wind  has  become  eastern,  currents  sK  ii 
from  the  equator ;  the  east  wind  will  pass  from  south-east  to  tfa 
south.  If  the  air  move  from  south  to  north  it  will  reach  plant 
having  an  inconsiderable  VL-locity  of  rotation  with  the  KTcateit 
velocity  of  rotation  of  the  polar  regions  nearest  the  equatcr: 
hastening,  as  it  were,  in  advance  of  the  earth's  surface  wluci 
rotates  from  west  to  cast,  until  the  southern  direction  of  the  wit^ 
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u  gr&dtuUy  changed  to  the  south-west,  and  finally  made  quite 
western.  By  the  constant  tendency  of  the  air  to  pa*s  towards  the 
poles,  the  wind  is  made  to  veer  back  again  to  the  south,  exactly 
in  the  same  manner  as  the  east  wind  veers  to  the  north ;  if, 
liowcvcr,  the  equatorial  current  be  displaced  by  a  current  from 
the  poles,  the  west  wind  will  veer  from  north-west  round  to  the 
north. 

In  the  flouthem  hemisphere,  the  wind  must  necessardy  veer 
about  in  an  opposite  direction. 

Where  the  trade-winds  blow  in  the  tropics,  there  is  no  com- 
plete rotation  on  the  earth's  surface,  the  direction  of  the  trade- 
wind  is,  therefore,  only  inclined  more  towards  the  east  in  its 
motion. 

In  the  region  of  the  monsoon  there  is  only  one  complete 
rotation  in  the  course  of  the  whole  year.  We,  therefore,  see  that 
the  relations  of  the  winda  in  the  tropics  corresjwnd  to  the  simplest 
case  of  the  law  of  rotation. 

S/orm*.— Storms  are  the  result  of  a  considerable  distnrbance  in 
the  equilibrium  of  the  atmosphere,  depending  vcrj'  probably  upon 
a  rapid  condensation  of  vapour,  as  has  already  been  surmised. 

More  recent  investigations  have  shown  that  storms  may,  for 
the  most  part,  be  regarded  as  great  whirlwinds  in  motion. 

Storms  rage  with  much  more  violence  in  the  tropics  than 
in  higher  latitudes ;  the  devastations  occasioned  by  these  hurri- 
canes, known  in  America  by  the  name  of  Tornadoes^  are  truly 
frightful.  Thus,  for  instance,  in  the  hurricane  that  devastated 
Guadaloupc  on  the  25th  of  July,  sohdly-built  houses  were  torn 
np ;  cannons  were  hurled  from  the  top  of  the  parapets  of  the 
batteries  on  which  they  were  planted ;  a  plank  of  about  3  feet  in 
length,  8  inches  in  breadth,  and  10  Imcs  in  thickness,  was 
pro[>elled  with  such  force  through  the  air  that  it  perforated  the 
ateni  of  a  palm  tree,  about  17  inches  in  diameter,  through  and 
through. 

We  often  see  how,  in  calm  weather,  sand  and  dust  are  carried 
by  the  wind  with  a  whirling  motion  through  the  air.  On  the 
approach  of  a  utorm,  we  may  alao  notice  larger  whirlwmds  of 
this  kind  carrying  aand,  dusi,  leaves  and  straw,  &c.  with  them 
in  their  course.  Hurnc&ncs  arc  nothing  more  than  these  whirl- 
winds on  a  large  scale,  and  are  generally  canwd  by  the  struggle 
of  two  winda  moving  in  opposite  directions  in  the  up|»er 
regions  of  the  air.     They  usually  form  a  double  cone,  the  upper 
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of  wator  or  of  sand,    and   otlier  bodies   found  on    land. 
hurricanes   art*   capable   uf    upriH}tinf;   trwr»,    unroofing    hot 
and  hurling  beams  to  a  distance  of  many  hundred   paccs>  && 
Water  hurricanes  arc  known   as  ivafer  ttpoutt ;  they   often 
water  to  the  height  of  many  hundred  feet. 


CHAPTER  III. 


OF    ATHOSPBERIC    MOISTURE. 

Distribution  of  vapour  in  the  air. — If  on  a  hot  summcr'8  day  wc 
place  a  bowl  filled  with  cold  water  in  the  open  air,  wc  observe  thai 
the  quantity  of  the  water  rapidly  diminishes, — that  is,  it  evaiw- 
ratcSj  which  means  that  it  is  converted  into  vapour^  aud  tVn 
diffused  through  the  air.  The  vapour  of  water  is,  like 
other  colourless  tranB|)arent  gas,  invisible  to  our  eyea,  the 
appearing  to  have  entirely  disappeared  by  evaporation. 

The  water  diffused  through  the  air  only  becomes  visiblf , 


IIIATRIBUTION    or   VATOUK    IN    THE    AIR. 


531 


on  retuniiug  to  ilt*  Uuid  coudituni,  it  furuis  a  mist,  clonti,  dew, 
ur  hoar-frost.  In  order,  therefore,  to  con\inc€  ourselves  of  the 
cxiBtenoe  of  vapour  of  water  in  the  air,  wc  must  condense  it 
by  some  ineuiis  or  another. 

We  may  iuutiLtliatdy  obtain  the  quantity  of  vapour  contained  in 
a  definite  volume  of  air^  on  sacking  the  air  through  a  tube  tillod 
with  hygrometric  substances.  We  moke  use  of  an  attpirtttor  for 
the  purpose  of  effecting  a  regular  passage  of  the  air  tlirough  the 
absorption  tube.  The  aspirator  ts  a  vessel  filled  uith  water,  and 
closed,  excepting  at  two  8]MTtures;  from  the  one  of  which  water 
eoufltantly  ]H>ar8  out  thn»ugh  a  tube,  while  the  other  is  connected 
with  the  absorption  tube  in  sueh  n  manner,  that  an  amount  of  dry 
air  equal  to  the  discharged  water  may  cuter  the  vessel.  The 
amount  of  vapour  contained  in  a  quantity  of  atr  Hucked  through 
the  absorption  tube  may  be  ascertained  by  weighing  the  tube 
before  and  af^r  the  experiment. 

This  method  of  determining  the  quantity  of  water  contained  in 
the  air  entering  the  aspirator,  to  which  various  fonns,  more  or 
less  applicable,  have  been  given,  is  somewliat  uiiccrtaiii,  and  does 
not  yield  the  amount  oS  water  contained  in  the  air  at  a  definite 
moment,  but  merely  the  mean  average  of  its  quantity  during  the 
whole  |)criod  of  the  experiment ;  on  this  account,  smaller  and  more 
easily  transportable  apparatus  have  been  constructed,  which  are 
kjiuwn  by  the  name  of  hygrometers. 

It  is  well  known  that  inauy  organic  bodies  have 
the  property  of  absorbing  vapour,  and  thus  increas- 
ing pro|M>rtionably  in  extent.  Amongst  others, 
wc  may  mention  hair,  whalebone,  &c.,  as  hygro- 
metric bodies,  and  these  have  therefore  been  em- 
ployed  in  the  c-onstructiou  of  hygrometers.  The 
best  iniitrument  of  the  kind  is  the  Hair-hyt/rometfr 
invented  by  Saugsure,  and  which  is  represented  m 
Fig.  515. 

The  luiir  is  fastened  at  its  upper  cud  to  a  little 
tongue  Of  the  other  extremity  pasHCS  over  along 
one  of  the  two  grooves  of  a  pulley,  while  iu  the 
other  gHKtve  a  silk  thrvad  goes  round  the  pulley, 
support  mg  n  little  weight  /,  by  means  of  which  the 
hair  is  kept  at  a  constant  tension.  To  the  axia 
of  the  pulley,  an  index  d  is  attached,   which  passes  over   the 
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graduated  arc  «  A,  as  the  pulley  is  turned  by  the  elongation  or 
shortening  of  the  hair. 

Vilxen  the  instrument  is  in  a  dump  atmosphere,  the  hair  absorbs 
a  considerable  amount  of  vapour^  and  is  thus  made  lon^r,  while 
in  a  dry  air  it  becomes  shorter,  so  that  the  index  is  of  coorK 
turned  alternately  to  the  one  or  to  the  other  side. 

The  instrument  is  graduated  in  the  following  manner.  In  the 
first  place,  it  is  placed  under  a  receiver,  the  air  within  having 
been  dried  by  chloride  of  calcium  or  by  sulphuric  acid.  The  point 
of  the  scale  at  which  the  index  ntop-s,  under  these  circomstaacES,  m 
the  point  of  greatest  dryness,  and  is  marked  with  0. 

The  instrument  is  then  placed  under  a  receiver,  whose  walla  ue 
moistened  with  distilled  water,  which  is  likewise  poured  upon  the 
ground,  on  which  the  receiver  is  placed.  The  s{)ace  below  it  aoon 
becomes  saturated  with  vapour,  and  the  index  then  passes  to  the 
other  end  of  the  scale.  The  point  at  which  it  now  stands^  ti 
the  point  of  greatest  moisture,  and  is  marked  100. 

The  space  intervening  between  these  two  points  muat  then 
he  divided  into  100  equal  parts,  which  are  termed  degrea  vf 
moisture. 

The   relation    of   these    degrees    to   the    quantity-   of  water 
in  the  air  must,  in  the  case  of  every  instrument  of  the  kind,  bcJ 
ascertained  by  means  of  experiments,  into  which  we  caimot  caUtl 
more  fully  at  present.  I 

DanieV 8  Hygrometer, — Is  represented  in  Fig.  516;  It  conaiitil 
of  a  curved  tube  terminating  in  two ' 
bttlba ;  the  one  a  is  either  gilt,  or  ooTercd 
with  a  thin  metallic  coating  of  platinum, 
while  the  other  is  wrapped  in  a  pictv  of 
fine  hnen.  The  bulb  a  is  half  filled  with 
ether,  and  contains  a  little  thcrmcmicler, 
the  graduated  part  of  which  pcnetntcs 
into  the  tube  /.  The  apparatua  b 
perfectly  air-tight.  If  ether  be  dropped 
upon  the  ball  b,  it  will  cool  it  by  ito 
evaporation ;  in  the  interior  the  vapour  4 
the  ether  will  be  condensed,  and  an  cnzi^ 
ration  in  the  bidb  a  thus  occasioned,  since,  to  a  certain  d^frcc.  ite 
ether  distills  over  from  the  warmer  ball  a,  to  the  cooler  one  h.  Bf ' 
the  formation  of  vapour  in  the  ball  0,  heat  will  be  likewise  absocU 
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and  the  bulb  become  covered  with  a  delicate  dew.  The  origiw 
oi'  this  dew  Bdmits  of  an  easy  explanation.  We  have  8ccn  above, 
that  in  a  vacuum,  the  force  of  tension  of  steam  cannot  exceed 
certain  limits,  and  that  the  maximum  of  the  tension  iucreaaea 
with  the  temperature.  For  a  temperatiu*  of  68",  for  instance, 
the  maximum  of  the  force  of  tension  of  eteam  is  17,3  milli- 
metres, and  the  corresponding  density  of  the  steam  0,00001718; 
in  a  vacuum  of  1  cubic  metre,  therefore,  at  a  temperature  of  at 
most  68",  17,18  grms.  of  water  may  be  contained  in  the  form  of 
vapour. 

\Vc  have,  however,  further  seen,  that  exactly  as  mnch  steam 
may  be  contained  in  a  space  filled  with  air  aa  in  an  equally  large 
vacuum,  and  that  in  this  case  the  force  of  tension  of  the  air,  and 
the  force  of  tension  of  the  steam  diifuwd  through  it  correspond. 
At  a  temperature  of  78",  17,8  grms.  of  water  may  therefore  be 
contained  as  vajwur  in  1  cubic  metre  of  air. 

We  say  the  air  is  saturated  with  vapour,  when  the  steam 
diffused  through  it  has  reached  the  maximum  of  the  force  of 
tension  and  density  corresponding  with  its  temperature. 

If  we  bring  a  colder  body  into  an  atmosphere  saturated  with 
moiature,  it  will  cool  the  strata  of  air  most  contiguous,  a  portion 
of  the  vapour  contained  will  be  condensed,  and  precipitated 
upon  the  cold  body  in  the  form  of  fine  drops.  In  this  manner 
the  moisture  which  covers  the  nindow  panes  of  an  inhabited 
heated  apartment  is  formed ;  if  the  temperature  of  the  externa) 
air  be  low  enough,  sufficiently  to  cool  the  panes  of  glass. 

The  air  is  not  always  saturated  with  moisture,  that  is  to  aay, 
it  docs  not  always  contain  as  much  vapour  as  from  its  tempe- 
rature it  might  take  up.  If,  for  instance,  we  aasume  that 
every  cubic  metre  of  air  contains  only  13,63  grms.  of  steam 
at  a  temperature  of  78,  the  air  will  not  be  saturated,  since  at 
this  temperature,  each  cubic  metre  of  air  is  capable  of  containing 
17,18  grms.  of  vapour. 

The  temperature  at  which  the  condensation  of  steam  begins, 
that  is,  the  temperature  at  which  the  air  is  exactly  saturated  with 
vapoor,  is  called  the  Jew  poini. 

DanieV»  Ifyip-ometcr  is  intended  for  the  observation  of  thia 
dew  point ;  thus,  as  soon  as  the  bulb  a  is  cooled  to  the  tem- 
perature of  the  dew  point,  this  bulb  begins  to  be  covered  with 
moisture,  and  the  temperature  of  the  dew  point  may  be  tmm^ 
diately  ascertained  firom  the  thermometer  which  dips  into  the  bulb  a. 
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If  wc  now  make  use  of  a  table  giving  the  maximum  qnantityl 
vHpour  of  water  in  a  space  t>f  1   cubic  metre  for  each  tlcjrrw: 
temi>prature,    we  may  likeu-ise  find  by   means  of  such    a    tabi 
what  18  the  quantity  of  vapour  of  water  in  the  air  corresponding  ] 
the  dew  point  observed. 

Augusfs  Psr/chrortwter  is  represented  in  Fig.  517,  it  consi^ 
.,,  of  two  thermometers  fastened  to  one  and  the  safl 
stand :  the  bulb  of  the  one  is  surrounded  by  fil 
linen,  whilst  that  of  the  other  remains  free;  < 
moistening  with  water  the  covering  of  thn  one  bul 
the  water  will  evaporate,  and  the  more  rapid] 
in  proportion  as  the  air  is  far  removed  ^m  i 
point  of  saturation.  The  evaporation  of  the  watt 
is,  however,  accompanied  by  an  absorption  of  bcs 
in  conBcqucncc  of  which  the  covered  thermomeC^ 
falls.  If  the  air  be  perfectly  saturated  with  moi 
turc,  no  water  will  be  able  to  evaporate,  ba( 
temperatures  therefore  will  stand  equally  high;  I 
however,  the  air  be  not  thoroughly  snturatc<l  wi^ 
vapour,  the  covered  thermometer  will  fall  \owi 
in  proportion  aa  the  air  is  further  removed  froi 
the  point  of  saturation.  We  may  judge  of  t^ 
condition  of  moisture  of  the  air  by  the  diflfe 
of  temperature  of  the  two  thermoinetcrs- 
Dhtmal  and  annual  vnrialion  in  the  (plant it y  of  water 
in  the  air. — As  more  viipoiir  may  be  diffused  through  the  i 
8  high  temperature,  and  as  with  an  increasing  heat  the 
evaporates  more  and  more  from  the  surface  of  large 
water  and  from  the  moist  ground,  it  may  well  be  supposed  iH 
the  quantity  of  water  contained  in  the  air  will  dimipji^h  ag 
increase  in  the  course  of  the  day.  \ 

It  has  been  ascertained  by  expcrimcntA  with  the  aboii 
described  instruments,  that  in  general,  the  quantity  of  vapoj 
in  the  air  is  increased  aa  the  temperature  rises  with  the  aMdl 
of  the  sun;  this,  however,  only  lasts  till  9  oVlock,  when  i 
ascending  current  of  air,  occasioned  by  the  strong  heating  I 
the  surface  of  the  ground,  carries  the  vapour  on  high,  m>  m 
the  water  contained  in  the  lower  strata  of  air  diminishes,  aHboM 
the  formation  of  vapour  continues  with  the  increase  of  the  hcp 
this  diminution  continues  till  towards  1  o'clock ;  now  the  qn 
of  water  of  the  lower  strata  of  air  again  inereaacB,   beon^  i 
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upwardly  dirccUrd  curronl  of  air  ceases  to  carry  away  the  VH|>(mr 
formed ;  thu  incrcatie  lastn,  however,  only  imtil  towardtt  9  oVlock, 
because  the  decreasing  temperature  of  the  air  puts  a  limit  to  the 
further  forumtion  of  vapour. 

lu  winter,  when  the  action  of  the  sun  is  lesa  intenite,  the  state 
of  the  case  it)  differeut ;  in  January  wc  observe  only  one  maximum 
of  the  contents  of  water  in  the  air,  at  about  2  o'clock,  and 
only  one  miuimuiu  at  the  time  of  sunrise. 

We  say  "  (He  air  is  dr^^  when  water  evaporates  rapidly,  and 
when  moistened  objects  become  quickly  dry  owing  to  this  rapid 
evaporation  ;  and  on  the  other  hand,  we  say  "  the  air  i»  datt^)" 
when  moistened  objects  dry  only  slowly,  or  not  at  all,  in  the  air, 
when  the  least  decrease  of  temperature  occasions  n  precipitation  of 
moisture,  and  when  somewhat  colder  objects  l^econic  covered  with 
moisture.  Wc,  therefore,  call  the  air  dry  when  it  is  far  from 
bctng  at  its  point  of  saturation,  and  moist  when  the  dew  point 
approaches  very  nearly  to  the  degree  of  the  temperature  of  the 
air;  in  thus  judging  of  the  dryness  or  the  dampness  of  the  air, 
we  do  not,  therefore,  ejtpress  any  opinion  of  the  absolute  quantity 
of  water  contained  in  the  air.  If  on  a  hot  summer's  day  at  a 
temperature  of  77,  every  cubic  metre  of  air  contains  13  grms.  of 
vajwur,  we  say  the  air  is  very  dry ;  for  at  such  a  temperature 
the  atmosphere  can  contain  22,5  grms.  of  vapour  fur  every 
cubic  metre  of  air,  otherwise  the  air  must  be  cooled  to  59,  iu 
order  to  be  saturated  by  the  same  quantity  of  aqueous  vapours. 
If,  on  the  contrary,  in  winter  at  a  temperature  of  35,6  the  air 
contains  only  6  grms.  of  va|>our,  it  is  very  damp,  since  the 
atmosphere  is  nearly  pcriectly  saturated  with  vapour  corresponding 
to  that  temperature,  and  the  least  decreaae  of  temperature  is 
followed  by  a  precipitation  of  moisture. 

In  this  sense  wc  may  say,  that  at  the  time  of  sunriac  the  air 
ia  the  dampest,  although  the  absolute  quantity  of  water  is  leaa  then 
than  at  any  other  time  of  the  day.  Towards  3  o'clock  p.m.  in 
summer  the  air  is  driest. 

The  absolute  quantity  of  water  contained  in  the  air  is,  like  the 
mean  temperature  of  the  air,  at  a  minimum  in  January  ;  it  increases 
until  July,  when  it  rcarhea  its  tn&iimum  ;  then,  however,  it  again 
decreases  until  the  end  of  the  year. 

Although  the  quantity  of  water  contained  in  the  air  is  greater 
in  summer  than  in  winter,  we  say  that  the  air  is  drier  in  sumincr. 
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because,  on  an  average  it  is  fnrtlicr  removed  firom  the  point  | 
aatiiration  during  that  season,  4 

Moisture  of  the  air  in  various  districts. — The  fornaation  t 
vapour  is  especially  dependent  upon  two  conditions,  naonely  upl 
the  temperature,  and  upon  the  pre&swre  of  water.  With  I 
imlimitcd  supply  of  water,  vapour  will  be  formed  in  proportioD  \ 
the  height  of  the  temperature ;  but  with  equal  degrees  of  tempeni 
ture,  more  vapour  will  be  formed  in  districts  which  abound  in  wat^i 
than  in  those  which  do  not.  Henccj  it  fuUowa,  that  the  absolnl 
quantity  of  water  in  the  air,  other  circumstances  beixig  the  eainl 
decrcjtses  from  the  equator  to  the  poles,  and  that  the  4 
is  drier  in  the  interior  of  large  continents,  that  is,  it  is  thd 
further  removed  &om  the  point  of  saturation  than  on  the  i^ 
or  on  the  sea-shore.  The  clearness  of  the  sky  in  continent! 
countries  is  a  proof  that  the  drj-ncss  of  the  air  increases  with 
distance  from  the  sea. 

Dew. — It  has  already  been  stated  at  page  533,  that  fine 
fonned  upon  the  pohshed  bulb  of  DanieVs  hygrometer  as  til 
latter  is  cooled.  We  may  explain  the  formation  of  dew  on  a  larf 
scale  in  a  similar  manner.  1 

"When  in  summer,  after  sunset,  the  sky  remains  dear  and  th 
air  calm  j  the  different  objects  on  the  earth's  surface  become  mo0 
and  more  cooled  by  nocturnal  radiation  towards  the  aky,  tbei 
temperature  falls  from  4"  to  13",  or  14'^  even  below  the  tan 
peratiire  of  the  air,  cold  bodies  also  lower  the  tcmpermtui 
of  the  strata  of  air  immediately  surrounding  them  ;  and  wbtf 
these  arc  cooled  down  to  the  dew  point,  a  portion  of  tU 
vapour  contained  in  them  is  precipitated  upon  cold  bodies  i^ 
the  form  of  fine  drops.  \ 

As  all  bodies  have  not  an  equal  capacity  of  radiating  hf^ 
some  cool  more  perfectly  than  others,  whence  it  foUows,  thd 
many  bodies  may  be  densely  covered  with  dew,  whilst  othen  wj 
remain  almost  wholly  dry.  Grass  and  leaves,  especially,  oool  ruadlj 
by  nocturnal  radiation,  partly  because  they  possess  a  very  stitH% 
capacity  for  radiat  ion,  and  partly  also  because  they  »*««^ 
exposed  to  the  air,  and  can  thus  receive  but  little  heat  from  tb 
ground ;  they  are  thus  more  thickly  covered  with  dew  than  ataM 
and  the  bare  ground.  \ 

Vfhtn  the  sky  is  overcast  by  clouds,  the  formation   of  devi^ 
prevented,   owing  to  nocturnal   radiation  being  impcsded.     Ens 
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when  a  somewhat  hrisk  wind  blows,  no  dew  is  formed,  because 
warm  air  is  constantly  brought  into  contact  with  solid  hodieSi 
which  arc  thus  continually  warmed,  and  allow  of  air  passing  over 
them  before  they  can  be  cooled  to  the  dew  point. 

Hoar-frost  ia  nothing  but  frozen  dew.  When  the  body,  on 
which  the  cundcuEed  vapour  is  precipitated,  is  cooled  below  32", 
rapour  can  no  longer  be  depoeuted  in  a  fluid  form,  but  will  appear 
as  icicles. 

Mist  and  clouds. — When  steam  riaea  from  a  vessel  of  boiling 
water,  and  diffuses  itself  thrf)ngli  a  eooler  atmosphere,  it  is  imme- 
diately condensed,  and  there  arises  a  mist  in  the  air  which  tloats 
about  in  the  form  of  a  quantity  of  small  hollow  vesicles.  This 
is  also  frequently  called  vapour,  although  it  is  no  longer  such, 
at  least,  in  the  physical  sense  of  the  word,  being  a  condensed 
aqueous  gas. 

When  the  condensation  of  vapour  does  not  occur  by  contact 
with  cold  solid  bodies,  but  goes  on  in  the  air,  mistg  arise, 
which  are  similar  to  those  we  see  formed  over  boiling  water. 

Mists  generally  arise  when  the  water  of  lakes  and  rivers,  or  the 
damp  ground,  is  warmer  than  the  air  which  is  saturated  with 
moisture.  The  vapours  formed  in  consequence  of  the  higher 
temperatnrc  of  the  water,  or  the  damp  ground,  are  immediately 
rc-condcnscd,  when  they  diffuse  themselves  through  the  cooler  air, 
already  saturated  with  vapour.  No  mists  arc  formed  at  an  equal 
difference  of  temperature  between  the  water  and  air,  provided  the 
air  is  dry,  so  that  all  the  vapours  rising  from  the  surface  diffused 
themselves  through  it  without  saturating  it. 

After  what  has  just  been  said  of  the  formation  of  mist,  it 
will  easily  be  understood  that  mista  are  especially  formed  in 
autumn  over  rivirrs  and  lakes,  and  damp  meadows.  In  England, 
mists  are  very  frequent,  from  the  land  being  washed  by  a  warm 
sea ;  in  Lke  manner,  the  warm  waters  of  the  Gulf  Stream,  which 
flows  as  far  as  Newfoundland,  are  the  cause  of  the  thick  fogs  met 
with  there. 

We  often  observe  mists  and  fogs  occur  under  totally  different 
drcumatances ;  thus  we  find  thick  mists  over  rivers,  whilst  the  air 
is  warmer  than  the  water  or  the  ice.  In  this  case,  the  warm 
air  is  saturated  with  moisture,  and  on  its  misdng  with  the  layers 
of  air,  which  have  acquired  a  lower  temperature  from  being  in 
contact  with  the  cold  water  or  ice^  a  condensation  of  the  vsjiour 
is  necessarily  brought  about. 
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The  luists  wliich  rise  over  rivi^ra  nntl  lakes  in  summer  ofUn*  a  atonu 
of  ruin,  originate  in  a  similar  manner.  AUhougb  the  air  is  warmer 
than  the  surface  of  the  water,  it  is  saturated  with  moisture,  and  as 
soon  as  it  is  distributed  over  a  place  in  which  the  freahncfis  of 
the  water  is  perceptible,  the  vapour  becomes  coDdenscd  by 
cooling. 

Mists  arc  not,  however,  formed  only  over  rivers  and  lakes, 
but  over  the  middle  of  the  continent,  as  soon  as  the  wanner, 
damper  masses  of  air  are  mixed  with  the  colder,  and  their  tempera*, 
tiire  thus  lowered  below  the  dew  point. 

Clouds  are  nothing  more  than  mists,  which  hover  in  the  higher 
regions  of  the  air,  as  mists  arc  uothing  more  than  elouda  resting 
upon  the  surface  of  the  ground.  Wc  often  sec  the  summits  of 
mountaina  enveloped  in  clouds,  whilst  persona  upon  these 
elevations  arc  in  the  midst  of  mist. 

At  iirst  sight,  it  appears  incomprehensible  how  elouda  can  float 
in  the  air,  since  they  consist  only  of  vesicles,  which  arc  evidently 
heavier  than  the  surrouadiiig  air.  Since  the  weight  of  thtac 
small  vesicles  of  water  is  very  small  in  comparison  with  th<rti 
surfaces,  the  air  must,  in  this  case,  oppose  a  considerable  resi 
tancc ;  they  can  only  sink  very  slowly,  as  the  soap  bubble,  whii 
has  a  great  resemblance  to  these  vesicles  of  vapour,  sinks  b 
slowly  in  a  cahn  atmosphere.  Tliese  vesicles  of  vapour  m 
however,  sink,  although  but  slowly,  and  wc  might  thus  sup 
that  ui  calm  weather  the  clouds  would,  at  length,  fall  to  tbe 
ground. 

The  vesicles  of  vapour,  however,  which  sink  in  calm  n-eathi 
cannot  reach  the  ground,  owing  to  their  soon  reaching   wamii 
strata  of  air  that  are  not  saturated  with  vapour,  and  where  thi 
again  dissolve  into  vapour,  and  arc  lost  to  view  ;  whilst,  hown^cfi 
the  vesicles  of  vapour  dissolve  below,  new  ones  are  formed  at 
upper  limits,   and  thus   the  cloud   appears   to  float 
iu  the  air. 

We  have  just  considered  vesicles  of  vapour  in  a  perfectly  call 
atmosphere,  but  when  the  air  is  agitated  they  umst  follow  the  direc* 
tion  of  the  current  of  air;  a  wind  mo\-Lng  on  in  a  horiaonta) 
direction  will  also  carry  the  clouds  with  it  in  the  same  direction^ 
and  an  ascending  current  of  air  will  lift  them  up,  as  soon  as  ita 
velocity  hecomca  greater  than  the  velocity  with  which  tbc« 
vesicles  would  fall  to  the  ground  in  a  calm  air.  We  may  alio 
observf  how   soap   bubbles   arc  carriwi   away  by  the   wind. 
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borne   over  the   houses.      Thus  too,  the  riaiug  of  the   mist   is 
px|ilained  by  the  a»eeniling  currents  of  air. 

Tlip  ap|]caraiicc  of  the  cIuikLi  varies  very  much,  according  ah 
they  float  higher  or  tower,  are  more  or  less  den»<',  and  are  difTc- 
rcntly  iUumiDatcd,  &c.  Howard  has  diatingriiiiihed  cluud^  under 
the  following  heads. 

1.  Tlie  feathery  cloud-ctrru*  conNists  of  verj'  delicate,  more  or 
less  streaked,  open  or  feathery  filaments,  which  ftrst  appear  in  the 
■ley  after  fine  weather.  In  our  fi^re  518,  we  may  observe  these 
in  the  ripht  liaiid  corner  towards  the  iHittoin  whore  the  two  birdit 
BPe  hovering.  In  drj'  weather,  feathery  cloudfi  are  more  streaked, 
and  in  damp  weather  more  confused. 

2.  The  dense  cloud,  atmuius,  represented  in  our  figure  exactly 


below  the  feathery  clotid,  forms  lai'fa'  hcmiiipherical  niaiiKes  uhich 
appear  to  re«t  upon  a  horizontal  basis ;  these  cloudii  ore  of  moat 
frequent  occurrence  in  summer,  oAen  group  themselves  pictu- 
reaqucty  together  in  large  maHU-s,  and  then,  wbi'ii  lighted  up  by 
the  sun,  prevent  the  appearance  of  mountains  of  snow. 
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3.  Stratified  citmds,  stratus,  are  horisontal  streaks  of  clouds; 
in  our  figure  they  are  represented  below  the  cumulus^  and  appear 
in  extraordinary  brilliancy  of  colour  at  sunset. 

The  main  forms  merge  into  a  variety  of  others,  which  Howard 
has  designated  by  the  names  of  cirro'cumulia,  cumuIo'Stratus,  and 
nimhus. 

The  feathery  accumulated  chud,  the  drro-cumulns  is  the  tran- 
sition of  the  feathery  to  the  dense  cloud,  they  are  those  smail, 
white,  round^clouds  familiarly  known  a^Jleeci/. 

When  the  feathery  clouds  are  not  scattered  individnally,  but 
combined  in  streaks  of  eonsiderable  extension,  they  form  feathery 
strata  of  clouds,  cirro-stratus,  which  offer  the  appearance  uf 
expanded  strata  when  they  are  near  the  horizon ;  the  cirrostatut 
often  cover  the  whole  sky  as  with  a  veil. 

When  these  cluuds  become  denser,  they  pass  over  into  the 
streaked  accumulated  clouds,  which  often  cover  the  whole  horizon 
with  a  bluieh  black  tone  of  colour,  and  finally  pass  over  into  the 
actual  raini/  cloud  {nimbus)  depicted  at  the  left  in  our  figure. 

When  we  consider  how  very  various  the  clouds  may  be  in  form 
as  well  as  in  colour,  we  shall  easily  understand  how  difficult  it 
often  is  to  decide  whether  the  appearance  of  a  cloud  approaches 
more  to  one  or  other  type. 

The  feathery  clouds  are  the  highest  of  all  the  kinds  of  clouds, 
since  they   present  the  same  appearance    when  seen    from  high 
hills  as  from  the  valleys  below.     Kiimts^  determined  their  height 
at  Halle  to  be  about  20,000  feet.     It  is  highly  probable  that 
cirrut  does  not  consist  of  vesicles  of  mist,  but  of  Hakes  of  snow. 

The  denser  clouds  are  usually  formed  when  the  vapours  are 
raised  up  by  the  asceuding  currents  of  air,  and  then  condensed  by 
the  lower  temperature.  Hence,  it  follows,  that  clouds  often 
form  towards  noon,  when  the  sun  has  ascended  in  the  clear  sky ; 
and  towards  evening  the  sky  again  clears,  owing  to  the  sinking  of 
the  clouds  as  the  rising  current  ceases ;  the  clouds  again  dissolTt 
on  reaching  deeper,  warmer  regions,  if  the  air  be  not  saturated 
with  vapour.  As,  however,  the  south-west  wind  bringa  more 
and  more  vapours  with  it  when  the  air  is  saturated  with  vapour, 
the  sinking  clouds  cannot  be  re-dissolved,  but  become  denser  and 
darker,  whilst  a  stratum  of  feathery  clouds  often  floats  above  tV 
lower  clouds.  The  lower  masses  of  cloud-cumulus  then  past 
more  and  more  into  the  cumulo'Stratus,  and  rain  may  be  eneded. 
*  Sm  "  Complete  Course  of  Meteorology,"  pige  365. 
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When  by  continued  condensation  of  vajKiur,  the  separate  vesicles 
of  vaiK)!^  become  larger  and  heavier,  when  further,  the  separate 
globules  approach  each  other  and  merge  together,  they  form 
actual  drops  of  water,  which  fall  as  rain.  At  a  certain  height 
the  rain-drops  are  still  very  small,  they  increase  in  size,  however, 
as  they  fall,  owing  to  the  vapour  of  the  strata  of  ur  becoming 
condensed  on  which  account  they  fall. 

QuantUy  of  rain. — The  quantity  of  rain  which  falls  at  any 
one  spot  on  the  earth  in  the  course  of  the  year  is  a  very  important 
element  of  meteorology.  The  instruments  made  use  of  for  this 
purpose  arc  termed  Rain  guagetj  Ombrometers  or  Udometers^ 
Fig.  519  represents  the  usual  rain  guagc;  it  consista  of  a  tin 
cylinder  6,  which  is  from  15  to  20  centimetres  in  diameter,  and 
on  which  a  second  cylinder  /i,  with  a  funnel-like  bottom,  '\%  placed. 
In  the  centre  of  thia  funnel  there  ia  an  ajierture ;  through  which 
all  the  water,  falling  into  the  cylinder  a, 
which  is  open  at  the  top,  flows  into  the 
receiver  6.  The  receiver  b  is  in  connec- 
tion  by  means  of  a  cuned  tube  c  with 
a  glass  tube  d^  by  means  of  which  we 
may  every  time  ascertain  how  high  the 
water  stun  ds  in  6.  Provided  that  the 
borcfl  of  a  and  b  be  equal,  or  at  any  rate 
not  perceptibly  different,  the  height  of 
the  layer  of  water  in  b  indicates  the 
height  to  which  the  ground  would  be 
covered  in  a  certain  time,  if  the  water  were  not  imbibed, 
or  evaporated. 

The  annual  quantity  of  rain  is  about  as  follows : 
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The  quantity  of  rain  thai   Calhi,  ia  not,   however,   nnifomily 
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tlistribulod  throughout  the  year ;  iu  this  rcapuct,  Europe  admiis 
of  being  iliviiU-il  into  three  proviucea. 

Ill  Eiiglaiulj  on  the  westeru  coaata  of  France,  in  the   Nether- 
land:*,  and  in  Norway  autumuul  rains  predominate. 

In    Girnmny,   in  the  West-Rhenish  pTonnce»,    Denmark 
Sweden,  i-ains  are  most  prevalent  in  summer. 

Uains  scarcely  ever  fall    during  summer  iu  the  south-cast 
France,  in  Italy,  the  south  of  Portupil,  or  in  that  part  of  Euro 
which  is  most  contiguous  to  iVfrica. 

In  Europe,  the  niuuber  of  raintj  days  during  the  year  }2:cuera] 
decreases  from  south  to  north.  On  the  average  through  the  v 
there  are  about  as  follows  : 

in   southern  Europe     .         .     120  rainy  days. 
„  central         „  .     146         „ 

„  northern      „  .         .     180         „ 

That  the  quantity  of  rain  does  Dot  alone  depend  upon  t( 
number  of  rainy  days  is  evident,  since  it  matters  not  how  man] 
days,  but  how  much  it  ruins  ;  although  the  uaml>er  of  rainy  dmj 
increases  in  northern  districts,  the  intensity  of  the  rain  generally 
diminishes,  and  thus  we  see  why  in  St.  Petersburg,  fur  instanc 
the  number  of  rainy  days  is  iu  general  greater,  although  t\ 
quantity  of  rain  thot  falls  is  less. 

The  quantity  of  rain,   as   well  as  the  number  of  rainy   dai 
decreases  with   the  increased   distance   from  the   sea ;    thm 
instance,  there  arc  about  as  follows : 

in  St.  Petersburg  .  .168 

„  Casan        ....       90 
„  Jakutzk     ....       60 
rainy  days  in  the  course  of  the  year. 

As  under  equal  circumstances  raiu  iu  warmer  districts  is  mn 
intense  than  in  colder,  it  is  also  more  intense  in  the  wa 
than  in  the  colder  season  of  the  year.  There  art:  on  an 
average  38  rainy  days  in  Germany  in  the  winter,  and  42  ia 
the  summer ;  the  number  of  the  rainy  days  in  summer  ia  tbervAxt 
scarcely  more  considerable  than  in  winter,  and  yet,  the  quantilT 
of  raiu  iu  summer  is  about  double  as  great  as  in  winter.  Iq  the 
summer  months  there  often  falls  more  raiu  in  a  single  sConn  thu 
during  many  weeks. 

Uain  heOvevn  the  tropica. — MTiere   the  trade-winds   blow   witb 
the  greatest  regularity,   the  skv  is  for  the  nn»»t  part  clcar^  and  k 
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■eUoin  rains ;  that  ta,  whcu  the  sun  stands  nbovi:  tlic-  utlier 
henuBphorc.  On  continents,  however,  the  regularity  of  the  trade- 
uinds  lit  disturbed  by  the  intensity  of  the  ascending  current  uf  air 
as  »onn  aft  the  sun  approaches  the  zenith ;  about  this  time  a 
violent  rain  sett)  in,  which  \&»i»  many  months,  whilst  dunng  the 
remainder  of  the  year  the  sky  ift  nniformly  clear,  and  the  air 
dry. 

iiumboltit  ha«  described  the  phenomenii  of  the  rainy  season 
in  the  northcm  part  of  South  America.  From  December  till 
February  the  air  is  dry,  and  the  sky  clear.  In  March  the  air 
becomes  more  humid,  the  sky  less  pure;  the  trade-winds  then  blow 
kss  strongly,  and  the  air  is  often  quite  calm.  By  the  end  of 
March,  the  storms  set  in ;  they  begin  in  the  afteruoou,  when 
the  heat  is  greatest,  and  are  aceompanivd  by  violtmt  torrents 
of  rain.  Towards  the  cud  of  April,  the  actual  rainy  season 
begins,  the  sky  is  overcast  with  a  uniform  gray  tint,  aud  it 
rains  daily  from  9  a.m.,  till  4  p.m.  ;  at  night  the  sky  is  mostly 
clear.  The  rain  is  the  most  violent  when  the  sun  is  in  the  zenith. 
The  time  during  the  day  in  which  it  rains  then  becomes  gradnally 
shorter,  and  towards  the  end  of  the  rainy  seaaon  it  rains  only  in 
tlie  afternoon. 

Tlie  length  of  time  of  the  rainy  season  is  not  the  same  fur 
diflcrent  districts,  but  lasts,  generally  speaking,  from  3  to  5 
months. 

In  the  East  Indies,  where  the  regularity  of  the  trade-winds  is 
disturbed  by  local  influenccis,  and  where  the  monsoons  take  their 
place,  we  also  find  irregularities  in  the  quantitieji  of  rain.  On 
the  steep  western  coasts  of  India,  the  rainy  season  corresponds 
with  our  winter,  occurring  at  the  time  when  the  south-west 
nioni<oonB  prevail,  and,  being  laden  with  humidity,  strike 
the  high  mountains.  Whilst  it  rains  upon  the  coasts  uf  ^IoIuImf, 
the  sky  is  clear  in  the  eastern  shores  of  Coromandel ;  here  the 
rainy  season  comes  in  with  the  north-cast  trade-wind,  that  is, 
exactly  at  the  time  when  the  drv'  season  prevails  upon  the  western 
c*5a«ts. 

In  the  region  of  calms,  periodical  rains  do  not  prevail;  but  violent 
torrents  of  rain  are  of  almost  daily  occurrence.  The  ascending  cor- 
rcnl  of  uir  carries  a  mass  of  vapour  on  high,  which  again  condenses 
in  the  colder  rt^gions.  The  sun  almost  always  rise*  with  a  clear  sky, 
but  towards  qood  a  few  clouds  are  fonneil,  which  beeonie  denser 
and  denser,  until  at  length  an  immense  quantity  of  rain  falls, 


BNOW   AND   HAII» 


amid  violent  g:ngt8  of  wind  and  electrical  discharges, 
evening  the  clouds  disperse,  and  the  sun  sinks  in  a  clear  sky. 

The  annual  quantity  of  rain  that  fatla  in  the  tropics  ia  in  geneil 
vcT)'  great;  it  amounts  iu  Bombay,  for  instance,  to  73,5,  in  Cam 
to  68,9,  in  Sierra  Ijcone  to  80,9,  at  Rio  Janeiro  to  55,6,  at  8 
Domingo  to  100,9,  at  the  Havanna  to  85,7,  and  in  Grenada  i 
105  Paris  inches.  If  we  now  consider  that  rain  is  general] 
limited  to  a  few  months,  and  that  it  only  rains  during  a  few  houl 
of  the  day,  it  is  evident  that  the  i-ain  must  be  very  violent.  ^ 
Bouibay  there  fell  in  one  day  6  inches  of  rain,  at  Cayenne  10  inchi 
in  10  hours.  The  drops  are  verj'  large,  and  full  with  snch  rapiditi 
that  they  give  rise  to  a  sensation  of  pain  if  they  strike  against  the  ddf 
Snow  and  Hail. — Even  at  the  present  time  we  know  very  litj 
regarding  the  formation  of  snow.  It  is  probable  that  the  chnij 
in  which  the  flakes  of  snow  arc  first  formed,  consist,  not  j 
vesicles  of  vapour,  but  of  minute  crystals  of  ice,  which  by  the  ml 
tinuous  condensation  of  vapour  become  larger,  and  then  fori 
ilakos  of  snow,  which  continue  to  increase  in  size  while  fallii^ 
through  the  lower  strata  of  air.  When  these  lower  regions  tf 
too  warm,  the  flakes  of  snow  melt  before  reaching  the  ground, 
that  it  rains  below  while  it  snows  above. 

The  regular  form   assumed   by  flakes  of  mow,  in  the| 

which  they  can  be  best  oli 
namelvj  when  they  are  placedool 
dark  body  cooled  below  32",  w| 
Hrst  described  by  Kepler.  SeortJk 
had  an  opportunity,  in  the  pol^ 
regions,  of  making  a  numb^  i 
interesting  observations  on  ti 
forms  of  the  flakes.  Hia  wi^ 
contains  nearly  100  different  platol 
of  which  some  of  the  most  interofl 
ing  have  been  collected  in  Fig,  ^ 
A  mere  superficial  gUnce  ll 
these  flgures  shows  that  all  K^ 
forms  arc  essentially  refcrhbW  li 
a  regular  hexagonal  star,  M 
whence  it  follows  that  sQow«flM 
belong  to  the  hcxaguiud  systtn  m, 
crj'stuls  (the  crystal-system  of] 
crystals). 
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Sleet,  which  we  usually  observe  in  March  aud  April,  ia  formed 
in  the  same  manner  aa  snow.     The  {p*anule8  of  sleet  are  formed  of 
'tolerably  firm  spherical  icicles. 

Haii  ifl  one  of  the  most  fearful  scourges  to  the  agrimlhiridt, 
and  one  of  the  moat  mysterious  phenomena  to  the  meteorologist. 

The  ordinary  size  of  hail-stonea  is  that  of  a  hazel  nut ;  they  are 
very  frequently  smaller,  but  these,  being  less  dangerous,  arc  not 
particularly  regarded.  They  are  often,  however,  much  larger,  and 
destroy  everything  they  strike. 

Trustworthy  pilosophers  have  observed  hail-stones  which  weighed 
13  to  13  ounces. 

The  form  of  hail-stoncs  is  liable  to  great  variation ;  most  codi- 
monly  the}'  arc  rounded,  but  sometimes  flattened  and  angular. 
In  their  centre  there  is  usually  an  opaque  nucleus,  resembling  a 
granule  of  sleet :  this  nucleus  is  surrounded  by  a  transparent  mass 
of  ice,  in  which  we  may  often  observe  separate  concentric  layers ; 
sometimes  alternating  layers  of  transparent  and  opaque  ice  may  be 
seen ;  and,  finally,  even  haiUstonea  with  a  striated  structure  have 
been  observed. 

Pouitiet  found  that  the  temperature  of  hail-stones  varied  from 
31  to  25^ 

Hail  generally  precedes  a  thunder-storm.  It  never,  or  at  any 
rate  but  very  rarely,  follows  rain ;  at  least,  when  the  latter  has 
continued  some  time. 

A  bail-storm  generally  lasts  only  a  few  minutes,  very  seldom  so 
long  as  a  quarter  of  an  hour.  The  quantity  of  ice  which  escapes 
from  the  clouds  in  so  short  a  time  is  enormous ;  the  earth  being 
often  covered  by  it  to  the  depth  of  several  inchea. 

Hail  falls  more  frequently  by  day  than  by  night  The  clouds 
which  bring  it  seem  to  have  a  considerable  extension  and  depth, 
for  they  generally  oocaaioii  great  darkness.  It  is  believed  that 
they  have  been  seen  of  a  peculiar  greyish  red  tint,  aud  that  great 
masses  of  clouds  were  suspended  from  their  lower  confines,  and  their 
edges  Tsriously  indented. 

Hail-clouds  seem  generally  to  float  vm*  low.  The  inhalHtJuits 
of  mountainous  districts  often  sec  clouds  below  them  which  cover 
the  valleys  with  hail;  it  cannot,  however,  be  determined  with 
accuracy  whether  hail-elouda  always  descend  m*  low. 

A   peculiar  niatling  noise   is   heard  a  few  !iecf>nds   brfori*  ihe 
beginning  of  a  hail*stonn  ;  and,  finally,  hail  is  always  accumpauied 
I    by  electrical  phenomena. 
L  N  N 
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As  to  what  coucerns  the  explanation  of  hail,  this  presents  two 
difficulties:  namely,  as  to  whence  the  great  cold  comcK,  which 
causes  the  water  to  freeze ;  and  ne\t,  how  it  is  possible  that  the 
hail-stonesj  after  having  ouce  become  large  enough  io  fall  by  their 
own  w-eight,  can  yet  remain  long  enough  in  the  air  to  increase  to  so 
conaiderahle  a  size. 

With  regard  to  the  first  qucatioHj  Volta  thought  that  the  solar 
rays  were  almost  wholly  absorbed  at  the  upper  confines  of  the 
dense  clouds,  which  would  necessarily  occasion  a  rapid  evaporation^ 
especially  when  the  air  above  the  clouds  was  very  dry ;  this  evapo- 
ration would,  according  to  him,  cause  so  much  heat  to  be  ab- 
sorbed, that  the  water  in  the  li>wer  strata  of  air  would  freeze-  If, 
howevtT,  the  evnporation  of  the  water  in  the  upper  stratum  of  sir 
were  occasioned  by  the  heat  of  the  solar  rjys,  it  is  not  so  clear  why 
80  much  heat  should  be  withdrawn  from  the  lower  layers  of  cl 
by  means  of  this  evaporation. 

With  reference  to  the  second  question,  Voita  proposetl  a 
ingenious  theor}%  which  has  attained  great  celebrity.  He  assomtf 
that  two  layers  of  clouds,  heavily  charged  with  opposite  kinds  rf 
electrieily,  hover  above  one  another.  If  now  the  very  small  hail- 
stones fall  upon  the  lower  clouds^  they  will  penetrate  to  a  certsis 
depthj  and  thus  become  surrounded  by  a  new  layer  of  ice ;  they 
will,  however,  also  become  charged  with  the  electricity  of  the  loner 
cloud,  and  be  repelled  by  it,  while  they  will  be  attracted  by  the 
other;  they  will  therefore  again  rise,  in  spite  of  their  gravity,  to 
the  upper  cloud,  where  the  same  process  will  be  repeated ;  tbsi 
they  will  move  for  a  time  backwards  and  fonvards  between  the  tn 
clouds,  until  at  last  they  will  fall,  when  they  become  heavy  encN^ 
and  when  the  clouds  have  lost  their  electricity. 

It  may  be  objected  to  this  view,  that  it  is  scarcely  eoBttsv- 
able  that  electricity  is  able,  without  any  sudden  actiunj  thst  i^ 
without  any  explosive  discharge,  to  raise  such  large  mosses  of  «e; 
and  that  if  the  electric  charge  of  the  two  clouda  were  rralhr* 
powerful,  the  electricity  must  instautaneoiusly  pass  from  one  lo  tk 
other:  especially  since  the  hail-stones  must  establish  a  coimcctitft 
between  them. 
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OPTICAL    rilENnMRNA    OT   THE    ATMOSPHERE. 

Colour  of  the  »ky. — The  clear  aky  appears  to  iia  to  be  A/«*,  and 
this  blue  is  sometimes  brighter  and  whiter,  and  sometimes 
darker,  according  to  the  state  of  the  atmosphere ;  on  high 
iiiDuntain»  the  aky  ap|>car8  dark  blue,  or  almost  black.  Tbia 
i.H  rffidily  explained :  if  the  air  were  perfectly  transparent,  if  it^ 
individual  particles  rcHertcd,  or  rather  scuttiTtMl  no  light,  the 
sun,  moon,  and  stars  would  shine  out  forth  from  a  black 
ground;  but,  as  it  actually  is,  the  particles  of  air  reflect  the  light, 
and  thus  it  happens  that  during  thL*  day  the  whole  sky  appeara 
bright,  because  the  particles  of  air  illuuiinated  by  the  sun  scatter 
the  light  in  all  directions.  This  illiuniuation  of  the  atmosphere 
hy  the  sun's  rays  is  the  cause  uf  our  not  seeing  the  stars  during 
tlie  day.  The  particles  of  air  reflect  mostly  blue  light,  and 
hence  it  is  that  tlie  dark  vault  of  heaven  is  invested  with  a  blue 
tint.  The  higher  we  rise  in  the  atmosphere,  so  much  the  thinner 
is  the  blue  envelope,  and  ct>niM>quentiy  so  much  the  darker  does 
the  heaven  above  us  ap|K'ar ;  thus  the  darkest  blue  is  always  in 
the  zenith,  whUc  towards  the  horizon  there  is  more  of  a  whitish 
tint. 

The  pure  blue  of  the  sky  is  especially  decolourized  by  the  con- 
densed vapour  floating  in  the  air,  by  fine  mista,  which  oflcu  in\-cst 
the  sky  as  witli  a  delicate  veil,  without  being  sufficiently  dense  to 
appear  as  clouds. 

The  phenomena  of  the  evening  and  morning  red  are  explained 
by  saying  that  the  air  permits  of  the  passage  of  the  red  and  yellow 
rays  in  preference,  but  that  it  rc6ecta  the  blue  rays.  The  sun's 
rays  in  the  evening  and  morning  have  to  traverse  a  considerable 
space  through  the  atmosphere,  hence  the  red  colouring  of  the 
transmitted  ray^t,  which  is  particularly  brilliant  when  clouds  are 
illuminated  by  them. 

This  opinion  cannot  be  altogether  correct,l>re«uBe  the  blue  tint  of 
the  sky  is  not  the  complementary  colour  of  the  evening  red. 
The  evening  red  depends  probably  on  the  vapour  of  water  contained 
in  the  air. 

AVhcn  a  column  of  steam  rises  from  the  safety-valve  of  a  steam* 
engine,  as,  for  instance,  of  r  locomotive,  the  sxm  seen  through  the 
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steam  appears  of  a  deep  oraHgc  red ;  some  feet  above  the  aafetyi 
valve,  at  which  the  steam  is  escaping,  ita  colour  by  transmitted 
light  has  the  deep  orange  tint  already  described ;  at  a  jcreater  dis- 
tance, where  the  vapour  is  more  perfectly  condensed,  the  pheno- 
menon entirely  disappears.  Even  a  moderately  thick  cloud  oj 
vapour  is  perfectly  imjienetrable  to  the  sun's  rays,  it  throwi 
a  shadow  like  a  solid  body ;  and  when  its  thickness  is  6nia4 
it  is  then  indeed  transparent,  but  colourless  throughout.  Thi 
orange  colour  of  vapour  appears,  therefore^  to  pertain  to  i 
peculiar  state  of  condensation.  In  a  perfectly  gascoua  stat^ 
aqueous  vapour  is  quite  transparent  and  colourless;  in  axq 
transitive  state,  it  is  transparent  and  of  a  dingy  red ;  but  when  I 
is  perfectly  coudeused  into  vesicles  of  mist,  a  thin  layer  is  transp* 
rent  and  colourless,  while  a  thick  layer  is  perfectly  opaque. 

Aqueous  vapour,  being  a  pure,  colourless^  clastic  fluids  ^ves  tt 
the  air  most  of  its  transparency,  particularly  as  is  obscn'ed  when  thl 
sky  clears  after  a  severe  rain.  In  the  transition  stage,  it  admit) 
of  the  passage  of  the  yellow  and  red  rays,  and  in  this  conditiol 
gives  rise  to  the  appearunce  of  the  evening  red. 

This  theory  will  also  explain  why  it  is  that  the  evening  red  ii 
far  more  brilliant  than  the  morning  red ;  that  the  evening  red  and 
the  morning  gray  are  signs  of  fine  weather.  Immediately  aftdj 
the  maximum  diurnal  temperature  has  been  attained,  and  beM 
sunset,  the  surface  of  the  earth  and  strata  of  air  at  diffcrenl 
heights  begin  to  lose  heat  by  radiation.  Before,  however,  this  ba| 
led  to  the  entire  condensation  of  the  aqueous  vapour,  it  pa8H| 
through  that  transition  stage  which  causes  the  evening  red.  In  thi 
morning  the  case  is  different.  The  vapours  which  in  the  rvvcniui 
of  the  process  would  probably  have  given  rise  to  the  red,  do  not  rial 
till  they  have  been  exposed  sufficiently  long  to  the  sun*3  action,  bid 
then  the  time  of  the  sun's  rising  is  over,  and  the  svui  stands  high  il 
the  heavens.  The  Hery  appearance  of  the  morning  sky  dependt  a 
the  presence  of  such  an  excess  of  moisture,  that  by  its  condensKtiid 
in  the  higher  regions  actual  clouds  are  formed,  notwithstanding  tfa 
tendency  of  the  rising  sun  to  disperse  them;  the  morning  i«d 
therefore  to  be  considered  as  the  foremnner  of  speedy  nun. 

When  the  sun  has  disappeared  in  the  western  horizon,  inatM 
of  there  being  immediate  darkness,  we  hare  the  tiK'ilight,  which  lost 
under  different  circumstances,  for  a  longer  or  shorter  time. 
twilight  is  produced  by  the  sun'a  continuing  to  shme  on  the 
sphere  of  the  western  sky,  and  on  the  aqueous  particles 
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in  it,  for  some  time  after  it  has  disappeared  from  our  new,  and  on 
these  illuminated  particles  of  air  and  water  continuing  to  transmit 
to  us  a  light  which  becomes  gradually  fainter  and  fainter.  In 
Germany  and  countries  of  the  same  latitude  the  twilight  lasts  till  the 
sun  is  about  18"  below  the  horizon.  The  prolonged  duration  of 
twilight  in  higher  latitudes  is  dependent  on  the  circumstance 
that  the  sun's  orbit  is  there  very  strongly  inclined  towards  the 
horizon,  and  that  consequently  it  takes  a  ver^-  considerable  time 
for  the  sun  to  sink  18"  below  it.  The  nearer  we  approach  to  the 
equator,  so  much  the  less  oblique  u*  the  sun's  orbit  towards  the 
horizon,  until  under  the  equator  the  two  are  at  right  angles ;  in 
hot  countries  the  twilight  is  therefore  of  shorter  duration.  In 
Italy  it  is  shorter  than  in  fiermany,  in  Chili  it  lasts  only  a  quarter 
of  an  hour,  and  in  Cumana  only  a  few  minutes.  This  extremely 
short  twilight  is  not  solely  to  he  referred  to  the  direction  of  the 
sun's  orbit  with  respect  to  the  horizon  ;  we  must  also  take  into  con- 
sideration the  cxtraordinan.'  purity  of  the  sky  in  those  countries, 
for  in  our  regions  the  delicate  mists  which  float  high  in  the  air, 
and  during  the  day  veil  the  sky,  materially  assist  in  reflecting 
the  light  and  so  prolonging  the  twilight. 

Tlie  rainbow^ — Every  one  knows  that  we  see  a  rainbow  when 
we  have  the  sun  behind  ua  and  face  a  showery  cloud.  The 
rainbow  forms  the  base  of  a  cone,  whose  vertex  is  the  eye,  and 
whose  axis  coincides  with  the  straight  line  passing  through  the  sun 
and  the  eye.  Under  the  above  conditions  the  rainbow  appears  in 
the  mist  of  waterfalls  and  fountains. 

In  order  to  explain  the  formation  of  the  rainbow,  we  must  follow 
the  course  of  the  sun's  rays  through  a  drop  of  rain. 

If  a  my  S  A  (Pig.  521)  stjikcs  a  nun-drop,  it  is  refracted,  and  it 

is  easy  to  calculateor  to  constnict  the 
direction  of  the  refracted  ray  A  B. 
The  refracted  ray  ^4  A  is  reflected  at 
Bf  by  the  posterior  wall  of  the  drop 
to  C,  and  then  after  a  second  refrac- 
tion emergea  in  the  direction  C  O. 
The  emergent  ray  C  O  forms  with 
the  inci<U'.nt  ray  an  angle  S  N  0. 

But  many  other  rays  fall  on  the 
dr*jp  parallel  with  S  A ;  and  if  we 
culeulate  or  cunstruct  for  each  of 
them  their  path  through  the  drop,  as  wc  have  done  in  the  figure 
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parallel  to  one  another. 

While,  therefore,  a  parallel  peucil  of  light  falls  on  the  drop,, 
pencil  of  Ui;ht  strongly  iliverfxeut  emerj^es  from  it.  It  is  easy  i 
iiiiderstandj  that  by  this  ilivergeuce  of  the  rays  enierpring  froiu  th 
drop,  the  strength  of  the  impression  of  the  light  which  they  prodm 
is  very  mneh  weakened,  especially  when  tlie  drops  occur  at  only, 
slight  diHtanee  from  the  eye.  Of  idl  the  rays  which  enter  the  ej 
from  a  drop  after  two  refractions  and  one  rcBectiou,  those  only  ca 
make  that  perceptible  impression  of  light  for  which  the  divergeiu 
is  a  minimum,  or,  in  other  woi-da,  only  those  which  emerge  toi 
nearly  parallel. 

From  more  accurate  examination,  it  follows  that  a  consid«rab] 
number  of  parallel  incident  rays  fall  or  leave  the  drop  ncaii 
in  the  same  direction,  having  suiFcred  a  deviation  of  very  nead 
42"  30';  and  of  all  the  rays  emerging  from  the  drop,  these  aloa 
can  produce  a  sensible  impression  of  light. 

Let  US  suppose  a  straight  line  o  p  (Fig.  522)   to   be  drav 
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through  the  auu  and  the  eye  of  the  observer,  and  a  vertica] ' 
to  be  carried  through  it.     If  through  o  we  (haw  the  straight  lii< 
0  r,  m  that  the  angle p  o  v:=  42^  30^,  then  the  rain-drop«  in iki 
direction  will  send  effective  rays  to  the  eye  after  an  interna) 
tion.     The   eye,   however,    does  not  receive    effective    rEVi 
this  direction   alone,    but,   aa   may  easily  be  conceived, 
from  all  the  drops  of  rain  which  lie  on  the  surface  of  the 


TUB    RAINBOW. 


551 


wbich  arises  from  the  revolution  of  the  line  o  r  about  the  axis  o  p : 
the  eye  will,  therefore,  sec  a  circle  of  light,  the  central  point  of 
nhieh  Ucs  upon  the  straight  line  drawn  through  the  eye,  and 
whose  radius  apppnrs  under  an  an^lc  of  42'^  30'. 

In  the  direction  mirntioiied  wc  ob^cnc  a  circle^  which  appears  as 
a  red  ring,  about  3(V  in  breadth,  in  consequence  of  the  sun  not 
being  a  mere  point,  but  a  distr,  whose  apparent  diameter  is  30'. 
But  as  the  effective  violet  rays  emerge  in  a  direction  making 
an  angle  of  W  30'  with  the  incident  rays,  the  eye  perceivea 
a  violet  ring  about  SO'  broad,  whose  radius  amounts  to  only 
40^  SO'.  Between  these  external  ares  wc  objicnx  t  he  ot  her 
prismatic  colours,  and  thus  the  rainbow  forms  as  it  were  a 
spectrum  extended  into  a  circular  arc.  Tlie  whole  breadth 
of  the  rainbow  averages  2",  since  the  radius  of  the  red  bow  is 
2"  greater  than  that  of  the  violet. 

The  extension  of  the  coloured  are  obviously  de|)ends  on  the 
sun's  altitude  above  the  horizon.  When  the  sun  is  fast  going 
down,  the  rainbow  appears  in  the  cost,  the  centre  of  the  bow 
then  Ipng  exactly  iu  the  horizon,  since  the  line  drawn  through 
the  sun  and  the  eye  is  then  a  horizontal  line;  when  the  observer 
stands  on  a  plane,  the  rainbow  then  formn  an  exact  aemi-eircle ; 
he  can,  however,  see  more  than  a  semi-eirclej  if  he  stand  on 
an  isolated  mountain-top  of  small  breadth.  At  sun-rise  the 
rainbow  apjK-ars  in  the  west.  In  pro|K>rtion  to  the  height  of 
the  sun,  so  much  the  lower  is  the  centre  of  the  coloured  bow 
below  the  hoiuon,  and  consequently  so  much  the  snuiller  is  the 
jwirtion  of  the  bow  visible  to  the  eye.  If  the  sun's  elevation  above 
the  horizon  is  42"  30',  no  rninbow  is  any  longer  visible  to  an 
ob8er\'er  standing  on  a  plane  at  the  level  of  the  sea,  since  then  ita 
stmimit  coincides  with  the  horizon,  and  the  whole  arc  falls  below 
it.  From  the  maats  of  ships  we  often  obser\c  rainbows  fonnmg  a 
perfect  circle.  Such  circular  rainbows  are  alsa  often  observed  ia 
waterfalls  and  fountains. 

Besides  tliu  rainbow  already  described,  we  also  usually 
observe  a  s<-eond  and  larger  one,  ctmccntric  with  the  ftrsl,  but 
having  the  order  of  the  colours  reversed,  in  the  exterior 
rainbow  the  red  being  the  inner,  and  thr  violet  the  citerior 
colour.  Tlie  external  raiubftw  U  much  thr  paler  of  the  two, 
and  has  the  colours  much  less  strongly  drvtloped.  Fonncrly 
it  was  erroneously  believed  that  the  second  rainbow  was  a  mere 
unage  of  the  first.  The  formation  uf  the  outer  bow  dependfl 
on  exactly  the  some  principles  ax  that  of  the  inner  bow,  and  is 
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produced  by  the  sun's  rays,  which  have  undergone  a  second  refrac- 
tion and  B  secorid  internal  reflection  in  the  rain-drops. 

In   Fig.   523  is  represented  the  course   which  a  ray   of  light 

pursues  in  the  rain-drop  in  order  to 
be  a  second  time  retlected.  S  A  is 
the  incident  ray,  which  is  refracted  in 
the  direction  A  /J,  then  reflected  at 
B  and  C,  and  finally  refracted  at  D 
in  the  direction  D  O.  In  this  case 
the  incident  and  the  emergent  rays 
intersect,  forming  with  one  another 
an  angle  d,  whose  magnitude  variea 
according  as  the  incident  ray  ini- 
another   place,   therefore   under    another 


at 


pinges    on  tlic  drop 
angle  of  incidence. 

In  this  case  the  effective  emergent  red  rays  form  an  angle  of  5(P, 
and  tlic  effective  emergent  violet  rays  an  angle  of  53^°  with  the 
incident  rays ;  the  eye,  therefore,  perceives  a  seriea  of  conoendic 
coloured  rings,  the  innermost  of  which  is  red,  and  has  a  radios 
of  50^,  whilst  the  outermost  one,  the  violet,  has  a  radius  of 
534°. 

The  outer  rainbow  is  the  paler  because  it  is  formed  by  niyi 
which  have  undergone  a  second  internal  reflection,  and  (as  ia  well 
known)  after  every  reflection  light  becomea  weaker.  We  should 
be  able  to  see  a  tMrd,  and  even  a  fourth  rainbow,  formed  by  rays 
which  had  undergone  three  or  four  internal  reflections,  if  the  light 
of  these  rays  were  not  too  faint. 

Halos  and  Parhelia. — When  the  sky  is  invested  with  ligl 
clouds,  we  often  obBer\c  coloured  rings  eloee  round  the  sun  am 
moon.  Tliese  rings  arc  frequently  imperfect,  and  mere  portions. 
The  fact  that  lunar  halos  are  more  frequently  obsened  than 
solar  halos,  ia  dependent  on  the  circuni»tanee  that  the  sun's  li^t 
is  too  dazzling;  the  latter  are,  however,  seen  on  observuig  thesun't 
image  in  stdl  water,  or  in  a  mirror  blackened  at  the  back. 

These  halos  present  the  greatest  similarity  to  the  g^oty 
observable  round  the  flame  of  a  taper  on  looking  at  it  thntngb 
a  glass  plate  on  which  lycopodium  seed  has  been  strewed ;  in 
fact,  both  these  phenomena  depend  on  the  phenomena  of  inter- 
ference ;  the  vesicles  of  vapour  may  replace  the  minnte  partidM 
of  seed  in  the  latter  ease. 

Sometimes  we  also  notice  two  larger  coloured  circles  around  tW 
sun  and  moon;    these  must    not   be  mistaken    for    halos.     Tbt 
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radius  of  the  smaller  of  these  luniinous  rings  Rp])ears  under  nn  angle 
of  22  or  23^  whilst  that  of  the  greater  under  an  angle  of  46**  or 
47**.  The  red  in  them  is  inverted  inward ;  the  inner  edge  is  the 
sharper,  the  outer  is  more  undefined  and  leas  dcidedly  coloured. 
The  two  circles  rarely  appear  simultaneously.     Fig.  524  exhibits 


no,  534. 


the  phenomenon  as  we  have  moat  c<jnimonly  the  opportunity  of 
observing  it;  the  Bmallcr  ring  has  a  rnilius  of  22*^  or  23";  it  is 
intersected  by  a  honsontal  streak  of  light,  which  often  extends  to 
the  sun  itself.  The  streak  is  brightest  at  the  [joints  where  it 
intcnects  the  ring  of  light ;  the«c  bright  spots,  which  wc  obscno 
on  both  sides  of  the  sun  on  the  outer  circumference  of  the  ring» 
are  the  parhelia ;  sometimes  one  such  parhelion  ap]>ears  vrrtirallv 
above  the  sun  at  the  summit  of  the  ring ;  but  at  this  point  also, 
there  is  often  seen  an  arc  of  contact,  as  shown  in  Fig.  624.  Mor^ 
over,  we  often  obser^'e  parhelia  without  rings,  or  rings  without 
parhelia.  These  rings  and  parhelia  never  appear  m  a  perfectly 
unclouded  sky,  but  only  when  it  is  overcast. 

The  appearance  of  these  rings  has  been  explained  by  assuming 
that  light  is  refracted  by  the  cryatals  of  ice  suspended  in  the 
atmosphere.  If  the  icicles  are  six-sided  prisms,  the  two  non- 
parallel  and  non-joining  sides  always  form  with  one  another  an 
angle  of  60*;    the  icicles  fonn,   therefore,    regidar.  cquiUtcral, 
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triangtikr  prisms,  in  wliich  the  miiiiniiim  of  deviation  is  about 
23".  Rays,  which  have  iindcifjonc  in  the  icicles  the  niioimum 
of  deviation,  are  analogous  to  the  active  rays  in  the  rainbow,  since 
many  rays  emerge  very  nearly  in  the  same  direction.  This 
hypothesis,  therefore,  explains  at  the  same  time  the  formation  of 
the  ring,  its  size,  and  the  order  in  which  the  colours  take  place. 

Tlic  ring  of  4<)"  is  explained  by  the  assumption  that  the  axis  of 
the  prisms  stands  obliquely,  in  such  a  manner  that  the  right  angle 
which  the  lateral  surfaces  of  the  prism  make  with  the  base  is  the 
rcfi-acting:  anf;:le  of  the  prism.  For  a  prism  of  ice,  whose  refracting 
angle  is  90*",  the  niinimum  of  deviation  is,  in  point  of  fact,  -16". 

Tlie  light  streaks  accom]>anyiug  the  parheha  are  explained  hj 
the  reflection  of  the  sun's  rays  from  the  vertical  surfaces  of  the 
crystals  of  ice.  The  streak  is  brightest  where  it  cuts  the  ring  of 
23**,  since  here  two  causes  co-operate  to  affect  the  stronger 
illumination. 

fynis  FfituuSf  or  the  tVill-o* -the- Wisp,  is  the  name  usually 
given  to  certain  flames  seen  in  marshy  lands,  moors,  churchyards, 
&c.,  in  fact,  wherever  putrefaction  and  decomposition  are  j^ing  on  ; 
they  usually  appear  a  little  above  the  ground,  exhibit  a  flickering 
and  unsteady  motion,  and  soon  again  vanish.  Although  wc 
arc  usually  in  the  habit  of  treating  these  lights  as  thoroughly 
understood  phenomena,  there  is  yet  great  uncertainty  regarding 
them,  since  they  have  not  been  sufficiently  explained,  and  .what  is 
considered  as  matter  of  fact  not  at  all  times  to  be  received,  owing 
to  the  circumstance  that  most  persons  who  have  seen  them  were 
not  in  a  state  to  make  accm*ate  obscnatious,  and  to  explain  in  an 
unprejudiced  manner  wliaL  they  saw, 

Voita  licld  the  opinion  that  these  lights  were  caused  by  marsh 
gas  (light  carburetted  hydrogen)  inflamed  hy  an  electric  apark.  But 
from  whence  could  the  spark  arise  ?  Others  are  of  opinion  that 
they  are  caused  by  phosphuretted  hydrogen,  which  iiiflame«  as 
soon  as  it  comes  into  contact  with  atmospheric  air ;  but  thca 
there  would  be  a  momentary  flash  accompanied  by  a  puff  cf 
smoke,  and  not  a  prolonged  feeble  light,  such  as  is  obscrred. 
The  most  probable  view  is  that  they  are  caused  by  hydrogcD 
gss  containing  phosphorus,  which  docs  not,  properly  spcaldng, 
bum  as  a  flame,  but  is  only  faintly  phosphorescent. 

Falling  stars,  fire-ballSj  and  meteoric  stones, — ^The  appeanacc 
presented  by  falling  stars  is  so  generally  known  as  to  require 
no  detailed  description.     It  has  been  ascertained  by  corresponding 
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ubsonatioiia  that  the  hcig:ht  of  falling  stars  averages  3I>  or  35 
(Gennnn)  m\\t»,  nnd  that  they  move  with  u  velocity  varying  from 
I  to  8  (German)  milea  in  a  second. 

A  vcr}'  remarkable  phenomenon  connected  with  falling;  stars,  is 
the  periodirally  re<Tin'inp  showers  which  have  been  observed  from 
the  1 2th  to  the  14th  of  Novenxlier,  and  on  the  10th  of  Aiigwst 
(the  Feast  of  St.  Lawrence) ;  the»e  periodic  showers  of  stars  of 
the  latter  date  are  notice<l  in  an  ancient  English  church  calendar, 
and  arc  termed  the  iiery  tairs  of  the  Saint.  One  of  the  most 
considerable  of  these  showers  of  stars  waa  ohKcrved  in  Nortli 
America  on  the  12th  and  I3th  of  November,  1H33;  they  appeared 
to  fall  almost  in  contact,  like  Hakt^  of  snow  in  a  snow-sturm,  and 
it  was  calculated^  that  in  the  course  of  nine  hours  no  less  than 
240,000  fell. 

Ftre-baUs  ap|)ear  to  have  the  same  origin  and  to  be  of  the 
»amc  nature  as  the  falling  stars  just  described,  and  to  differ  from 
them  merely  in  size.  Fire-balls  have  been  seen  amongst  the  great 
falling  Ktars. 

Fve-balls  explode  with  a  great  noise,  and  stony  masses  then 
fall  from  them,  known  as  meteoric  s/onei,  or  aerolites.  Even 
during  tlic  day-time  such  meteoric  stones  have  beeu  seen  to  fall, 
with  a  loud  report,  from  small  gray  cloud)*. 

Meteoric  Htones,  ju»t  fallen,  are  still  hot,  and  in  consequence 
of  the  velocity  of  their  fall,  penetrate  the  earth  to  a  greater  or 
less  degree. 

About  the  era  of  the  last  century,  there  was  a  strong  tendency 
to  regard  the  falling  of  stony  masses  from  the  atmosphere  as 
fabulous ;  but  since  that  period  various  cases  have  occurretl  which 
have  been  observed  by  several  persons,  and  have  been  attested  to 
by  men  in  whom  confidence  must  be  plar>cd.  We  may  especially 
mention  the  meteoric  stone  that  fell  at  Aigle,  in  the  department  of 
Omcj  on  the  26th  of  April,  IH03,  examined  by  Riot^  and  that  on 
the  22nd  of  May,  1808,  and  that  at  SUuners,  in  Moravia.  On 
the  13th  of  November,  1833,  (at  the  period,  therefore,  of  the 
falling  stars),  a  house  in  the  de|>artment  of  Ain,  was  set  on  fire  by 
an  aerolite. 

Meteoric  stones  have  a  peculiar  physiognomy,  by  which  they 
may  be  distinguished  from  all  terrestrial  fossils;  but  notwith- 
standing  thin,  they  differ  so  much  individually,  that  Chladni, 
who  devoted  much  attention  to  tlies*-  subjects,  regarded  it  as 
difficult  to  assign  to  them  a  general  chaneter.    One  of  their 
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most  marked  characteristics  is,  however,  their  containing  a  certain 
amotuit  of  native  iron,  and  a  bituminous,  glistening,  sometimes 
raised  external  erust,  which  ia  scarcely  ever  absent.  A  further 
description  would  involve  us  too  deeply  in  mineralogtcal  details. 

Stony  masses  have  been  found  at  various  spots  on  the  earth's 
surface,  perfectly  distinct  in  geological  character  from  the  moun- 
tain I'ange  in  the  vicinity,  but  presenting  the  greatest  similarity  to 
stones  known  to  be  of  meteoric  origin.  Hence  such  massea  are 
considered  to  be  aerolites. 

The  mass  of  meteoric  stones  is  often  very  great;  they  have 
been  found  weighing;  from  a  few  pounds  up  to  400  cwt. 

It  can  hardly  be  longer  doubted  tbat  falling  stars,  fire-balls,  and 
meteoric  stones,  are  of  coamical  origin,  or  that  they  are  moat 
probably  masses  which,  like  the  planettt,  revolve  round  the  sun, 
and,  being  drawn  within  the  sphere  of  the  earth's  attraction, 
fall.  The  fire  and  light  accompanying  them,  are  most  easily 
accounted  for  by  the  asfluni]ition  that  these  minute  spheres 
are  surrounded  with  an  atmosjihere  of  inflanimablc  gaa,  which 
inflames  on  entering  into  the  oxygenized  atmosphere  of  our  earth. 
If  we  assume  that,  besides  the  innumerable  individual  masaea 
of  this  kind  revolving  round  tlie  sun,  whole  swarms  of  them  form 
a  ling  round  that  body,  and  further,  that  the  plane  of  this  ring 
cuts  the  earth's  orbit  at  a  definite  point,  we  have  an  explanation  of 
daowcrs  of  the  periodic  falling  stars. 
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Origiwil  discovery  of  atmospheric  electricity. — Otto  von  Guerike, 
the  difitiuguished  inventor  of  the  air-pump,  was  the  first  who 
observed  an  electric  appearance  of  light.  About  the  same  time, 
Wall  noticed  a  vivid  spark,  and  heard  a  strong  rustling  Mmnd, 
on  rubbing  a  large  cylindt^r  of  resin,  and  it  is  a  remarkable  thing 
that  the  first  sparks  drawn  liy  the  human  hand  were  compared  to 
lightning.  These  sparks  and  these  cracks  seemed,  saya  WaU, 
to  a  certain  degree,  to  represent  thunder  and  lightning.  The 
analogy   was   surprising;    in    order,   however,    to  test    ita   trath, 
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and  to  detect,  in  so  minute  an  appearance,  the  causes  and  laws  of 
one  of  the  grandest  phenomena  of  nature,  it  was  requisite  that  there 
should  be  a  more  direct  proof.  Whilst  in  Europe  men  occasionally 
asserted  that  lightning  was  actually  an  electric  phenomenon, 
its  experimental  proof  was  ttttabli»hed  in  America.  Franklin, 
after  making  many  electrical  discoTeries^  especially  on  the 
Leaden  jar,  and  on  the  influence  of  points,  arrived  at  the  happy 
idea  of  searching  for  electricity  even  in  thunder  clouds;  he  concluded 
that  metallic  points,  placed  on  lofty  buildings,  would  draw  off  the 
electricity  from  the  clouds.  He  waited  with  impatience  for  the 
completion  of  a  steeple  then  being  constructed  in  Philadelphia ; 
but,  at  length,  weary  of  waiting,  he  had  recourse  to  another 
plan,  which  gave  him  even  more  certain  results.  Since  all  that  was 
requisite  was  to  raise  a  body  a  sufficient  height  in  the  air,  ho 
conceived  that  a  kite,  a  child's  toy,  would  answer  his  purpose  as 
well  as  the  highest  steeple.  lie  availed  himself  of  the  first  thunder- 
storm in  order  to  try  his  experiment ;  accompanied  by  a  single 
person,  bis  own  son,  since  he  was  afraid  of  ridicule  if  his  attempt 
failed,  he  set  off  into  the  open  country  and  began  to  fly 
his  kite.  A  cloud  of  great  promise  passed  over  them  without 
producing  the  least  action.  Another  passed  over,  but  he  could 
draw  no  sparks,  nor  could  he  see  any  signs  of  electricity.  At 
length  the  fibres  of  the  string  began  to  separate  fi-om  one  another, 
and  he  heard  a  rustling  noise.  Encouraged  by  these  signs, 
Franklin  opplicd  his  ringer  close  to  the  end  of  the  string,  and 
then  observed  the  emission  of  a  spark,  which  was  quickly  followed 
by  many  others. 

Franklin  performed  his  experiment  in  June,  1752,  it  was 
universally  rc|>eated  with  the  same  results.  De  Romaa^  at  Xerac, 
inHiicnred  by  the  Hrst  idea  of  Franklin,  had  likewise  thought 
of  mokmg  use  of  a  kite  instead  of  elevated  piiints.  Without 
having  received  any  account  of  the  results  arrived  at  by  FrankUnt 
he  obtained  in  June,  1753,  ven,'  powerful  cWdcnces  of  eJeetricity, 
owing  to  his  ingenious  ctmtrivance  of  laying  a  fine  metal  wire 
the  whole  length  of  the  string.  In  the  year  1757,  De  Roma* 
repeated  his  experiments,  and  obtained  sparks  of  surprising  sixe. 
"  Let  the  reader  only  imagine,"  sap  he,  "  streaks  of  fire  from 
9  to  10  feet  in  length,  and  1  inch  m  breadth,  accompanied  by  a 
cracking,  which  was  louder,  or  as  loud,  as  a  pistol  shot.  In 
less  than  an  hour  I  obtained  at  least  thirty  such  sparks,  not  to 
count  the  thousands  which  were  7  feet  long,  or  less." 


558  ELECTRICITY    DURING    A   THUN'DER>STORM. 

Not withstau ding  the  mraswres  of  precaution  tnken  by  thin 
skilful  cxpcriiiicntaUzer,  lie  was  gtrucV  down  by  the  violence  of 
the  charge. 

These  experiments  prove  most  couipletely  that  lightning  is  only 
an  electric  spark. 

Electricity  during  a  thunder-storm. — On  eiLaniining  the  electrical 
condition  of  the  clonda  which  gradually  pass  over  the  kite,  we 
perceive  that  they  arc  soinetliucs  charf^c*!  with  positive  or  negative 
electricity,  and  sometimes  m  a  nutural  conditiuu.  Although  we 
know  nothing  of  the  distribution  of  electricity  in  the  cloiids,  the 
attraction  and  repulsion  of  the  unequally,  or  cquully  electrified 
cloudn,  is  doubtlessly  the  cause  of  the  exlraoriliuiiry  motions 
observed  in  the  heavens  during  a  thimder -storm.  During  this 
general  agitation  of  the  atmosphere^  wo  see  lightning  Hush  through 
the  sky  and  hear  the  thunder  roll.  These  phenomena  wc  are  now 
about  to  considt'r  more  attentively. 

M^e  often  see  lightning  break  from  the  clouds,  and  flash  far 
across  the  sky.  On  observing  this  phenomenon  below  our  feet, 
from  high  mountains,  we  are  able  to  form  a  more  correct  idea  of 
its  extent,  and  alt  observers  agree  in  stating  that  under  Kinnlar 
circumstances  they  have  observed  flashes  of  lightning  of  at  least  a 
German  mile  in  length ;  wc  also  know  that  several  flashes  proc**ctl 
from  the  same  cloud  ;  finally,  it  is  known  that  lightning  generally 
describes  a  zig7.ag  line  j  this  form  is  common  to  lightning,  and  to 
the  electric  spark.  fl 

The  vesicles  of  vapour  which  form  clouds,  are  not  such  ™ 
perfect  conductors  as  metals;  and  although  we  do  not  know 
the  laws  of  equilibrium,  and  the  distribution  of  electricity  in 
imperfect  conductors,  it  is  still  evident  that  they  do  not  i>eTfcctly 
discharge  themselves  at  once,  and  that  they  can  be  brought  bock 
to  their  natural  condition  by  n  few  sparks;  this  explains  thcreasoQ 
why  the  same  eloud  emits  several  flashes. 

The  length  of  the  lightning  appears  also  to  be  a  consequence  of  ^M 
the  imperfect  power  of  conduction  in  clouds,  and  the  mobility 
of  the  particles  of  which  they  eousist.  M''e  may  obtain  Bi>ark« 
of  1  metre  in  length,  through  dry  air,  from  the  conductor  o| 
the  best  kind  of  electrical  machines ;  the  sparks,  howwcr,  mn 
still  longer  when  carried  off  over  woollen  or  silk  subtauces  that 
have  been  scattered  over  with  dust  j  in  the  same  manner  we  should 
also  obtain  longer  sparks  through  a  mist,  if  it  did  not  too  much 
djuiinish   the   tension   of  the  electricity.      In  order   to  expUia 
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the  length  of  the  lightning  we  must  Oftxiinie  that,  on  the  course  which 
it  takes,  the  particles  of  va|X)ur  are  already  electrified  by  iiiduc- 
tioHj  and  that  finallvj  when  the  lightning  appears,  the  disturbed 
equilibrium  is  restored  from  one  layer  to  another,  and  that  to 
a  certain  extent,  mparks  only  pass  from  one  particle  to  another^ 
while  the  electric  Huid  docs  not  traverse  the  whole  course  inter- 
vening between  the  remotely  separated  clouds. 

Thunder  is  not  more  difficult  to  explain  than  the  noise  of  a  small 
electrical  spark,  and  arises  from  the  vibrations  of  the  powerfully 
agitated  air.  We  sec  the  light  along  the  whole  course  of  the 
lightning,  and  the  report  arises  simultaneously  upon  the  whole 
extent  of  the  line ;  as,  however,  sound  is  more  slowly  propagated 
than  light,  traversing  only  340  metres  in  one  second,  we  see 
the  lightning  before  wc  hear  the  thunder ;  an  obscnex,  standing 
near  one  end  of  the  course  of  the  lightning,  will  not  at  once  hear 
the  sound  arising  simultaneously  at  all  points.  If  we  assume 
that  the  lightning  is  3400  metres  distant,  and  the  obscn'cr  stands 
in  the  prolongation  of  its  course^  the  sound  will  reach  him  from 
the  most  remote  ejEtremity  of  the  lightning,  only  10  seconds 
later  than  from  the  part  lying  nearest  to  him.  As,  consequently, 
sound  reaches  the  ear  of  the  observer  only  by  degrees  from 
different  parts  of  the  tiash,  he  docs  not  hear  an  instantaneous 
noise,  but  a  more  or  lets  prolonged  rolling  of  the  thonder, 
increased  in  intensity  by  the  echo  of  the  clonds,  and  the  duration 
of  this  sound  depends  upon  the  length  of  the  lightning,  and  his 
position  of  the  observer  with  regard  to  its  course-. 

Not  only  during  thunder-storms,  but  even  during  a  clear  state 
of  the  atmosphere,  we  may,  by  aid  of  n  good  electrosco|»e,  shew 
the  existence  of  an  electrical  tension  in  the  atmosphere. 

With  regard  to  the  origin  of  atmospheric  electricity,  we  actually 
know  nothing,  although  a  very  great  deal  has  been  written 
on  this  subject.  Some  are  of  opinion  tliat  the  electricity  of 
thunder-clouds  originates  in  a  rapid  condensation  of  the  atmos- 
pheric  aqueous  vapour,  and,  therefore,  that  electricity  is  a 
consequence  of  the  rapid  formation  of  dense  clouds. 

Kffecta  of  lightning  upon  the  earth, — If  we  suppose  that  a 
thunder-dond  hovem  from  2  to  6  thousand  metres  above  the 
sea,  or  over  a  large  lake,  and  if  wc  assume  it  tu  be  charged 
with  |)ositive  electricity,  it  will  act  inductively,  the  +  electricity 
in  the  water  will  be  repelled,  and  the  —  accumulated  upon  the 
surface  of  the  water ;  this  accumulation  mny  br  suffidcDtly  grctt 


EFFECTS    OP    UGUTNINO    WOV   TttE    BAKTR. 

to  occasion  a  marked  clevatiou  of  the  water,  being  able  to  form 
a  large  wave,  a  water  moimtainj  as  it  were,  which  will  continue 
aa  long  oa  the  electrical  condition  lasts;  this  latter,  however,  may 
terminate  in  three  different  ways. 

1.  "When  the  eScctricity  of  the  cloud  is  ^dually  dissipated 
without  any  discharge  taking  place,  the  naturally  electrical  conditian 
of  the  water  will  thus  by  degrees  be  restored.  2.  When  a  flash 
passes  between  the  thunder-clouds,  or  a  flash  takes  place  between 
the  cloud  and  some  remote  places  on  the  earth,  conBcquently,  when 
the  cloud  is  suddenly  discharged,  the  electricity  accumulated 
on  the  surface  of  the  mountain  of  water,  quickly  tlows  off, 
and  is  replaced  by  its  opposite  kind,  and  cquihbrium  is  in  this 
manner  at  once  restored.  3.  When  the  thunder-cloud  is  near 
enough,  and  sufficiently  strongly  charged  with  electricity,  the 
lightning  passes  over.  This  direct  stroke  generally  occasions  a 
more  considerable  swelling  up  of  the  water  than  the  back-stroke. 
Such  a  shock  cannot  take  place  without  producing  a  mechanical 
action  upon  the  ponderable  elements. 

We  will  now  consider  the  actions  of  thunder-clouds  upon 
land. 

A  gradual  separation  and  reunion  of  the  electricity  prodofiei 
no  visible  actions;  it  appears,  however,  that  such  disturl>ances 
of  the  electrical  equilibrium  may  be  felt  by  organic  beings, 
and  have  been  experienced  by  persona  affected  with  ncrvoas 
diseases.  ^^ 

The  back-stroke  is  always  less  riolcnt  than  the  direct  shock  ;^| 
and  there  is  no  evidence  extant  of  its  having  occasioned  ignition,  ^^ 
although  there  is  no  lack    of  examples   showing  that  men    and 
animals  have  been  struck  dead  by  it ;  in  these  cases  the  bodies  have 
no  hmbs  broken,  and  present  no  trace  of  wounds  or  marks  of  bums. 

The  direct  stroke  produces  the  most  feai'ful  actions;  on  the 
lightning  striking,  it  marks  the  spot  where  it  struck  the  ^roond 
by  one  or  more  holes  of  various  depths. 

Everything  that  is  raised  above  the  surface  is  therefore  pecu- 
liarly exposed  to  the  stroke  of  the  Ughtning;  hence  it  happeni 
that  animals  arc  struck  down  in  the  middle  of  a  plain :  other  cir- 
cumstances being  the  same,  one  is,  however,  safer  upon  a  non-coo- 
ducting  than  on  a  good  conducting  surface. 

Trees  are  good  conductors,  owing  to  the  sap  circulating  ia 
them ;  when  a  thunder-cloud  passes  over,  a  strong  accumulatioQ 
of  electricity  takes  place  in  the  trees,  and  on  this  account  we  uy 
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with  justice  that  trees  attract  the  lightuiuc;:  wc  ought  never, 
therefore,  to  seek  protcctiou  during  a  Ihuuder-stonn  under  tree«, 
especially  under  such  as  staud  alone,  or  even  under  buiihea  stand- 
ing exjwacd  on  a  plain.  Buildings  are,  generally  spirakinif, 
constructed  of  uictal,  atone,  and  wtiod.  The  action  of  thunder- 
clouds on  these  substances  varies  with  the  difference  of  their 
nature.  \\Tjen  the  lightning  strikes,  it  especially  attacks  the 
Iwttcr  conductors,  whether  they  are  free  or  surrounded  by  worse 
conductors ;  the  distributing  force  of  the  atmospheric  electricity 
acts  as  well  upon  the  nail  driven  into  the  wall,  as  upon  the 
wcathcr-cock  projecting  in  the  air. 

TTie  vi^hanicul  actions  of  hghtuing  are  usually  very  violent. 
When  lightning  strikes  u  room,  the  rumiturc  is  thrown  down  and 
broken,  and  metallic  substances  are  torn  out  and  hurled  far  away. 
Trees  arc  cleft  and  split  asunder  by  lightning,  we  are  usually  able  to 
trace  a  deep  furrow,  many  centimetres  in  breadth,  which  runs 
from  top  to  bottom,  the  peeled  bai'k  and  the  torn  splinters 
may  be  found  thrown  far  off,  and  we  often  observe  at  the  bottom 
of  the  tree  an  aperture  through  which  the  elcctricaJ  duid  passed 
into  the  ground. 

The  physical  actions  of  lightning  show  a  more  or  less  conside- 
rable elevation  of  tempurature.  Wlien  lightning  strikes  a  straw 
shed,  dry  wood,  or  green  trees,  a  carbonisation,  or  even  ignition  takes 
place  ;  in  trees  there  is  seldom  any  trace  of  the  former.  Metals  arc 
strongly  heated,  welted,  or  volatilized  by  the  lightning.  Itepeatcd 
strokes  on  high  mountains  produce  evident  traces  of  fusion. 

Lightning -conductm-s  consist  of  a  pointed  metallic  rod,  pn)jecting 
into  the  air,  and  of  a  good  conductor  connecting  the  rod  with  the 
ground.  The  foUov^ing  conditions  must  be  fulfilled  where  these 
instruments  effect  the  purposes  for  which  they  arc  designed: 

1.  The  rod  must  terminate  in  a  very  tine  point. 

2.  The  connection  with  the  ground  must  be  perfect. 

3.  No  intcrruptiun  must  occur  from  the  point  to  the  lower  part 
of  the  conducting  rod. 

4.  All  parts  of  the  apparatus  must  have  the  same  dimen- 
sions. 

When  a  thunder  cloud  hovrra  over  the  hghtning-conductor, 
the  combined  electricities  of  the  rod  and  the  conducting  medium 
will  be  decomposed,  the  electricity  will  be  re[>cllcd,  which  is 
the  same  as  the  one  contained  in  the  cloud,  anil  diffuse  itself 
freely  in  the  ctrth,  whilst  the  op|>osite  electricity  wdl  be  attracted 
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towards  the  point,  whence  it  can  flow  freely  into  the  air,  and  thtis 
an  nccuraulatioii  of  electricity  in  the  lightning  conductor  wUI  be 
rendered  impossible.  Whilst  the  conductor  is  thus  in  activity, 
aud  the  opposite  electricities  pass  through  it  in  an  opposite 
direction,  we  may  without  danger  approach  and  even  touch  it, 
since  no  discharge  is  to  be  feared  when  there  is  uo  electrical 
tension. 

If  we  assume  that  one  of  the  three  first  named  conditii 
is  not  fulfilled,  that  the  point  is  blunt,  the  medium  conducting 
into  the  g^und  imperfect  or  internipted,  it  is  evident  that  an 
accumulation  nf  electricity  in  the  lightning-conductor  will  not 
only  be  possible,  but  even  unavoidable ;  it  will  then  form  a 
charged  conductor,  in  which  an  immense  mass  of  electricitv 
will  be  accumulated,  from  whence  we  may  draw  stronger  or  vcakei 
sparks.  ^ 

If  only  the  point  be  blunt,  the  lightning  may  strike,  but  it 
will  follow  the  conducting  medium  without  destroying  the 
building.  d 

If  the  conducting  medium  be  interrupted,  or  the  connectioa 
with  the  ground  imperfect,  the  lightning  may  likewise  strike, 
it  will,  however,  distribute  itself  laterally  to  other  conductor*, 
and  occasion  the  same  disturbances  that  would  occur  if  tbeiv 
were  uo  lightniug-couductor. 

Yet  more :  a  lightning-conductor  having  this  deficiency 
very  dangerous  even  where  the  lightning  does  not  strike ;  ft 
when  at  any  part  of  the  conducting  medium,  the  electricity 
sufficiently  accuuiulated,  a  spark  may  strike  sideways,  and  crush 
set  fire  to  any  objects.  We  may  illustrate  this  by  the  foUowi 
melancholy  incident.  Rkhmann,  Professor  of  Vhysics  nt  Si 
Petersburg,  was  suddenly  struck  dead  by  the  emission  of  u  spai 
which  escaped  from  the  lightning  conductor  attached  to  his  hou^c,' 
the  connecting  mediiun  of  which  he  had  interrupted  in  order 
to  examine  the  electricity  of  the  clouds.  Sokohw,  engraver  to 
the   Academy,    saw   the  spark  strike   Richmatm   on    the    A 


After  having  stated  what  ctmditions  must  be  fulfilled  in  ordrr 
to  make  a  Ughtning-conductor  efficient,  and  what  dangers  toay 
ensue  Irom  the  neglect  of  these  precautions,  there  still  remmioi 
something  to  be  said  of  the  |)ractical  arrangcmeut  of  thia 
ratus.  Gay-Ltusac,  under  the  auspices  of  the  Academy  of  Scii 
has,  at  the  suggestion  of  the  Minister  of  the   Interior,  dra' 
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lip  instructions  relative  to  this 
Bubjcctj  which  leave  nothing  more  to 
bf  desired,  but  from  which  we  can 
ouly  extract  the  most  cssenti&l. 

The  rod  of  the  lightning-conductor 
i»  about  9  metres  in  length  ;  it  is 
composed  of  three  pieces,  namely,  an 
iron  rod  of  8,6  metres  in  length,  a 
brass  rod  of  0,6  ditto,  and  a  platinum 
needle  of  0,05  long,  taken  together 
they  form  a  cone  sloping  upward  in  a 
regular  line.     See  Fig.  525. 

The  platinum  needle  is  soldered 
to  the  brass  rod  with  silver,  and  the 
place  of  junction  surrounded  by  a 
covering  of  copper,  as  may  be  more 
clearly  seen  in  Fig.  526. 

The  brass  rod  is  screwed  into 
the  iron  rod,  and  thence  secured 
by  means  of  traufiverse  pins. 

The  iron  rod  is  often  com]>oaed 
of  two  pieces  in  order  to  facilitate 
its  transport ;  one  of  these  fastens 
into  the  other  by  means  of  a  long 
conical  projection,  2  decimetres  in 
length,  which  is  then  secured  by  a  transverse  pin. 

In  Fig.  528  we  see  three  different  ways  in  which  the  rod  may 
be  fastened  to  buildings.  Under  the  rod,  about  B  centimetres 
from  the  roof  a  plate  h'  b'  (see  Fig.  527)  is  screwed,  in  order  to 
carry  off  the  water  5  centimetres  above  this  plate,  the  rod  must 
be  cyiindrically  and  perfectly  well  turned,  in  order  that  a  large 
screw  /  /',  Figs.  527  and  529  may  be  placed  round  it,  in  order 
to  attach  the  conducting  rod. 

The  conductor  is  a  quadrangular  iron  rod,  the  aide  of  which 
measures  from  15  to  20  millimetres,  and  which  is  fastened  to  the 
ring  tlhy  means  of  screws. 

The  conducting  rod  is  carried  over  the  roof  and  down  the 
building  into  the  ground.  Everything  depends  upon  bringing 
the  conducting  rod  in  at  good  a  connection  with  the  ground  ast 
possible.  If  there  happen  to  l>e  any  weU  in  the  neighbourhood, 
which  docs  not  become  dry,  or  if  a  hole  can  be  bored  to  the 
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depth  at  which  water  ia  conBtantly  to  be  foimdj  it  is  sufficient  u 
a  means  of  conducting  the  rod,  if  wc  divide  it  into  several  ormt. 
In  order  to  increase  the  points  of  contact,  the  rod  is  condacted 
through  windings  to  the  well,  or  the  borc-holcj  which  must  then 
be  filled  with  charcoal. 

This  affords  the  doable  advantage  of  protecting  the  iron  the 
better  from  rust,  and  placini^  it  in  connection  with  so  good  a 
conductor  aa  the  clmreoal.  K  there  be  no  water  in  the  neigh- 
bourhood, the  rod  must  at  lca»i  be  connected  with  some  damp 
»pot  by  means  of  a  long  canal  Elled  with  charcoal.  To  effect  a 
•till  greater  degree  of  security  wc  may  branch  the  conducting  rod 
off  into  several  lateral  canals. 

A  rope  twisted  round  with  copper  wire,  as  seen  in  Fig.  530|  is 
often  used  in  the  place  of  a  conducting  rod. 

As  wc  may  easily  see  that  the  lightning  cannot  enter  a  con- 
ductor, constructed  according  to  these  principles,  it  will  also  u 
readily  be  understood  that  it  cannot  etrike  within  some  *^t«t<iw*» 
of  the  lightning-conductor.  The  electricity  which  pours  copiottdy 
from  the  [voint,  will  be  attracted  by  the  thimder  cloud,  and  whai 
it  has  reached  it,  it  neutralizes  a  part  of  the  original  dectriatj 
of  this  cloud. 

If,  therefore,  a  thunder  cloud  be  near  enough  to  the  lightmng- 
conductor  to  act  inductively  on  it,  its  electrical  force  will  tbo 
be  weakened  by  the  efflux  of  the  nppoeite  eJectricity  from  ifc* 
point.  The  nearer  the  cloud  approaches,  the  more  strongly  wiD 
its  inductive  force  act,  but  the  more  also  will  it  be  neutxvliied 
by  the  efflux  of  the  opposite  electricity. 
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The  efficiency  of  the  lightning-conductor  depends^  however, 
likewise  on  other  conditions.  If  other  objects  near  it  project 
beyond  it,  the  electricity  of  the  clouds  may  act  more  strongly 
upon  them  than  upon  it,  and  a  discharge  thus  take  place; 
the  same  is  the  case,  when  there  are  any  considerable  maasea 
of  metal,  iron  rods,  or  a  metallic  roofing  in  the  vicinity  of  the 
lightning-conductor.  In  the  latter  case,  we  must  bring  the 
metallic  masses  into  as  good  a  connection  vrith  the  lightning-con- 
ductor as  is  possible,  in  order  that  the  attracted  electricity  may 
flow  unhindered  through  the  point.  It  is,  consequently,  dan- 
gerous to  insulate  metallic  roo&  from  the  conductors,  as  some 
practical  philosophers  have  proposed  doing.  Fortunately,  the 
means  used  to  effect  such  an  insulation  are  not  sufficient  for 
the  purpose,  and  they  have  thus  produced  only  useless  reaidts. 

Experience  shows  us,  that  a  lightning-conductor  applied  with  all 
the  necessary  precaution,  and  of  the  dimensions  indicated,  is  able 
to  protect  a  circle  having  a  radius  of  about  20  metres. 
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,  Becqucrera  coaatant,  $79. 
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lafiueocc 


BarthqtialN*.     lallueocc     on     ibe 

oeodle,  390. 
Bmh,  aotlons  of  llghlnlng  npun  tkt. 
Bcbo,  i«l«cllon  of  tbe,  IKl. 
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euuTldly.  4>;,  91. 

of  lluulds,  88 

Electric  l{((bt  In  the  ah-  and  In  otkar 
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Rydrmnllc  prt«>,  the,  tt. 
HydTMUUcB,  M. 

tMlue*,  tlM,  89. 
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Latent  bMt.  444. 

—  ofnpoun,  474. 
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acd  on  conposltlaa,  3iH. 
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Hpace,  Ttaie,  and  Claeattir.    Sid  EdUlen,  SevnUi  tbouaand«  Mn«.  U    Loodon,  ItW. 

THOMSON.    CHElflsntY  of  ORGANIC  HODlRa-TKOETABLBA.  By  Tkaaua  Thon. 

•on.  M.D.  P.K.8.L.ft  C.  Befha    PrvfrMur  of  CbenloliT  la  Uw  UahMtty  of  Otaagoar , 

CotTceporidlag  Urraber  af  iba  Boyal  AtMltaj  of  Paria.    1  large  rat  Br*,  pp.  IflBOi  bnarda, 

34«.    Loodoa,  ItlW. 

SKAT  and    ELECTUCITT.     Tod  EdUlon.  I  foL  »n».  Ulntfatod  vMb  a>9odc«la,   U*. 

LoikdOD.    IdW. 
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Worka  PubU»b«d  tor  a.  B&lUlerc, 


THOMSON.  HRITtSH  ANNUAL  Mid  EPITOME  of  th»  PROORRAS  of  SCIENCi:. 
Ily  U-  1>.  TboiutoH,  AmWiahi  Prafmor  In  ihc  Unlrrnily  of  Clugow.  StoIi.  Itimo.  cl«tb 
boftnls,  lelWrvtl,  at.  Cd.  eacb. 

FirMt  Yettr,  183*. 
Contains  DumrroaB  Pr»cUc*l  T»blM  of  WclgtiU,  UcMam,  mod  Cotn«.    The  Popnlar 
Papen  v«  by  the  Her.  B,  I'ovrvlli  C  ToinlioMo,  Em^.j  W.  8.  8.  WMerbOuw,  B«q.|  T.  ~ 
Darin,  £>q..  H-  IJ.TtiorawHi.  H.D. 

Second  Year,  IB38. 

The  PopolKr  Papvra  arv  l>y  T.  ThumaoD,  H.n.  R«gftw  PrgfinMN-  of  CbpaUitry  In  lh* 
Ualrermlty  of  GlaagoHri  R.  E.  Grant,  M.D.,  Profeaaur  of  Comparative  AuMomy  In  lb« 
Ualvcnlty  Ctittcn,  U>ndoUi  R.  U.Tbomaoa,  U.O.)  LUcof/anws  Watt,  Ulualrated  wil& 
a  Portfmlli  B.  H.  Lawla,  1^ 

T/Urd  Year,  I63». 

Tbt  Po^iular  Patwn  an  by  J.  S.  RiummII,  Eaq.i  PnAwor  R.  E,  Grautt  D.  Gamier,  Baq.  t 

a.  i>  'njoiuwu,  w.D. 

WBI8BAOH,  J.     PRINCIPLBS  of  the  HECUANICS  of  UACHINRRV  &  EMGINEEK.^ 
INU.     am.  llluatrutcd  wilt)  .VM)  wood  cu|[Tavln^.     tA>udon,  IH17. 


AHATOMYy  MEDICINE^  SUHGERY,  AMD  RATURAJ* 
HI&TORV. 


GAMPBEIO*,  J.  8.    OBSERVATtONS    oii    TCllKUCULOl'S   CONSUMmONt    wti. 

taliilng  New  VIewa  on  tbe  Nature,  Patfaolamr,  and  Cure  of  that  IHaMse :    brioe  an  aUrmpl 
tn    tf,i%nit   ItB  nVfialinfiil    nn    RatioBjd    Priniinlpi.      Hwa.  with  L' raloured  nlataa.    I&*.      I^a. 


to  found  ItB  1'reaimeut  od  Ratiaoal  Prlndplu. 
dost,  \»43. 


Hto,  witb  L' coloured  platsa,  IS*,    Loa> 


r 


COURTENAY.    ON  tba  PATHOLOGY  and  CURE  of  STRICTURE  In  the  URETHIU. 

Uluatntlng.  by  a  Srlectloa  from  uumeroM  hitcfcaUtif  Facta  and  Cawrt,  Ibe  Ori^u.  Pn>- 
|Mi)  ud  Ulatory  vf  thU  Ulneaw,  In  all  Its  Pbaae**  aad  ciiibncdfi(  every  variety  Jt  ISoiiti 
Cootnctloa  to  which  tbe  Urethra  Is  liable;  tonetbo-  wltb  in  Account  of  ihc  Modt  at 
Treatment  sDccexfully  niiupiM  In  rach  Case,  and  Oire  of  tftrj  Sprciea  of  Urtibral  SCric* 
tnrt.  By  Fraiicli  B.  Coarirnay.  9rd  Edlttou,  S<to.  it.  London,  ltM&, 
PRACTICAL  OBSERVATIONS  od  lh«  CHRONIC  ENLAHGKHBNT  of  the  PROarTATI 
OLANU  In  OLD  Pt:OPLE:  <vllb  Uvde  uf  TrralnirnL  By  Prantia  B. CuurtCDsy,  «■«, 
with  nomeraui  caaea  and  plates,  boarda,  7:  id.    London,  \8SSi. 

ORWEILHIER    AND    BONAMY.    ATLAS  of  (be  DESCRIPTIVE  ANATOUT  at 

tbp  HUAtAN   nODV.    Ily  J.  Crurrllhicr,  PtufMKor  of  Anatomy  (o  ttitp  Finilty  of  Ifedlalna^ 


I'ari*.     Wllh    Kxploiintlon    by   C.    Uuunuy.     CotiUlnltift  HI!    plate*  of    Oateolo^, 
dvtiiulugy,  and  ttyolo^      -ito-    PUIn,  9^|  coloured,  &/    lot.     London,  ll»44. 


m 


GERBER  AND  GUXa.IVER.     ELEUENT3  of  the  GENERAL  and  MINUTE  AXA* 
TUMV  of  MAN  and   the  MAMMALIA  ^  cbUfly  nfUr  Orifiual  Kescarchea.     By  Pj 
Ocrber,    To  which  la  adi1«d  an  Appendix,  coiaprialne  Rcaearcbcs  on  lb*  Analoco' 
Blood,  Ctiyle,   Lrmpb,  Thynooi  Fluid,  Tubercle,  ana  Addltknia,  by  C.  GiiUlTer*'  _ 
In  I  vol.  Hvn.  Trit,  nad  to  Atlas  of  34  platea,  eagrarcd  tj  L.  Aldoua.      3  rola.  ftm, 
boanU.  ]/.  4f.     1»42. 

ORANT.     GENERAL    VIEW    of    ttia   IM8TKIBUTI0N    of  EXTINCT    ANIMALS. 

Robvrt  B.  Grant,  H.D.  P.RS.L,  ft  F..;  Profeaaor  of  Comparaiive  Anato«iy  at  Ihc  VtC 
rcralty  Cottcgc,  London.     In  the  "  Brttlah  Aaaoal,"  ltU9.     liac.  Oa  M.     Loadon,  18a». 

OK  the  FUINCIPLES  of  CLASSIFICATION,  as  applied  to  the  Priraarr  DlvWua*  of  tb* 
Anlnal  JUngdom.    la  the  •*  British  Annual,"  18S8.     Idmo.  UlttatraiMl  wttb  38  wnodniM. 

OUTLINES  of  COMPARATIVE  ANATOHV.    Sm.  Uloatrated  with  146 
U.  bt.     London,  lt»(— 41. 

V  P»n  VII.  with  Till*. page.  )«  «i 

IIAI*Zi,  MAR8HAU*.     ON  tbe  PISBASES  and  UERANUEUENTS  of  th»  MBBVO 
arSTEM,  In  their  Primary  Fomia,  and  In  Uielr  ModlUcaUon  by  A«e,  Sa,  Coiwilwil 
Heredltarr  Predlapotltlon,  Exceaan,  General  IMiorder  and  Oripuik  I'lsiaic     By 
Hall.  H.D.  F.a.il  L,  6t  E,    i^ra.  irlth  >*  eugravvd  plates,  l£w.    London.  1041. 

*•*  Am  ttM  Appendit  tn  Ihe  aAarf  Worli,— 

ON  Ihe  MUTUAL  RELATIONS  BETWKEN  ANATUMV,  PnrSlOLOOV  PATBO. 
LOUr,  THBRAPEUTICS,  and  lb*  PRACTICE  of  UKUICINB,  belna  th«  V--.-^  -°- 
Lectures  for  1643.    ttn.  trllh  3  calourvd  plalca  and  1  plain,  b».     Londoo,  1M2 

NEW  MEMOIR  on  lh«  NBBV0U8  SYSTEM,  TBUK  SPINAL  UAHaolV  m^A  m 
ANATOMY,  PHYSIOLOGY,  PATHOLOGY,  tlkd  THERAPEUTICS  AaJ  ^S*  i 
eMgraved  plates,  U.     London,  IB4.1,  ^^    ^^ 


M9f  Recent  Street,  I«oiidon. 
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HUTCUkNP.  MANUAL  of  th«  PRACTICE  of  MEDICINE  |  tbr  Rmilt  of  TUtj  Ycbiv* 
£xperl«»rp.  By  W.  C.  IlufrlaniJ,  I'hrdclftn  to  tbe  lat«  Rl&t  of  PniMliti  Profewnr  In  ths 
L'nlrtnlty  o(  Hvrlln,  Trfiiiilai«i]  frutn  Ihc  SUtb  OtmMl  liJiuoii,  t>r  C,  Srachhftturfi  ftad 
R.  Nfliiiii.    ^v-  tMiind,  l>'u.     L4>nc1oo,  l((4l. 

I«A£NNEC.  A  TREATISE  on  Uir  MEnUTE  AUSCl'LTATION.  ukI  oa  l»8CASEa  of 
the  L,I/NG9  kikI  HEART.  By  R.  T.  U.  LaennK,  ProfvMor  to  tht  Collffe  of  Pnuire 
and  to  tfac  F»cu]t|r  of  >l«dlili>e  or  Pan*.  With  NuUi  tod  Addlllun*  tty  If.  LM«Drc,  Will 
U.  Aadnl,  PmttMan  lu  ibr  Paviilli  uf  klrdlcliiv,  P«Ha.  Trontlaird  froot  ibe  Ittt  ntiiknn 
by  ■  Hmbct  of  the  CoUcite  i>r  PhvildBiia.  Edited  by  Theui>hil-ji  Herbert.  U.D.|  wllh 
Practlckt  NoIm,  condensed  from  itw  L«rtum  of  P.  H,  R«aiadgc,  U  D.,  Oiou.  Ovo.  Willi 
pUtes,  1H«.     Loodon,  ItMlt. 

X*£BAUI>V.  THE  ANATOMV  of  ih«  REGIONS  tnUmtml  In  tb«  SUBOICAt  OPBHA- 
TI0N8  pcrrormrd  (i|i>iii  ihr  H  I'M  AN  Kt>l>V:  iriili  Occuiuiwl  Views  of  ibe  Pathologlwl 
(.'-omlltloni,  whkb  rffiiJcr  tbv  InUrfcnn*:*  of  tb«  ^urgcou  nvreuary.  In  ■  Scrlei  of  31 
plkiM,  the  Slu  of  Lire.    By  J.  L«Uiidy.    PoUo,  )/.  4f.     LoDdoD,  IMA. 

I*B£.  THE  ANATOMY  of  Ibc  NERVES  of  the  UTERUS.  By  Robert  Ue,  UU.  P.B.S. 
Kulio,  uith  'J  cnsnived  pUies,  U.    London,  1811. 

MADDOOK.  PRACTICAL  OBSERVATIONS  on  the  EPnCACV  of  MEDICATED 
I.N  MALA  nONa  In  Ibi  TREATMENT  of  PI'LMONARV  CONSUMPTION.  By 
I'r.  Maddwk.    3nl  CdUkm.  Hro.  wllb  «  coloured  platr,  :>«.  U.    LoudoD,  t»M. 

CASES  of  PULUONARV  CONSl'MlTtON.  HIIONCHITIS.  ASTHMA.  CHRONIC 
COUOR,  knd  vsriout  dlMMr*  of  ihr  Luu^  •ucccMfuIly  trrkUd  try  Medtcfttol 
InbalBtlona,  tfro.    London,  1847-  'J». 

MARTIN.  A  UENERAL  INTRODUCTION  lo  lh«  NATUIUL  HISTORY  of  MAM. 
MIPKHOrs  AMMAL!)r  wilb  ■  p«rU»lu  Vien-  of  the  Pbyalcal  BItttjry  of  M>ii.  mnA 
the  more  cloa«ly  allied  Gciiers  uf  the  Order  "  lju>dfum*iia,"  or  Monkiyii.  Illiitlratrd 
KlCh  L1KI  AnBtotolt-nl,  Otlet>li*f1c«L  *Ad  uthercDKrAViiin  oo  wood,  mid  13  ridl-plikto 
ItepreMDtulou  of  AblinaU,  drtwo  try  W.  Barvcy.     I  vol.  &to.  lOe.     London,  l»ll. 

OVmn.  ODONTOUHAPHYi  or,  n  TtmUm  on  lb*  CompiumUra  Anatoray  of  ibt  TMtb| 
tbdr  PhyvtolcsicMl  Relallooa,  Hod«  uf  IHrrloptBcnt,  and  Mtcroocoplcal  Stnicturt  In  tbo 
Vcrtebrmt*  Aidmala.  J<y  Bicbanj  Owen,  P.H-S.  Carrc»poodcal  of  tb«  Roynl  Andtniy  of 
Sdenm,  Pkrta  and  Berilui  Hunitrlao  Profevor  to  Ibc  Boyal  Colleie  of  iturveoni, 
Looden.  Thb  vplcndM  Work  la  now  complcbrd,  3  voU.  royal  9To.  conUliiLof  )dt»  plAtM, 
baJf.bowdniMU,IU.<k.  Londcn.  IMO-U. 
A  fWw  copiM  of  ib«  pUlH  ban  been  printed  on  India  paper,  H  vol*.  4lo.  101.  l(to. 

PHILLIPS.  ACROPULA:  lu  Namra,  lU  Prvraliixr,  lu  Caiiaaa,  aod  tbo  PrinrlplM  of 
'J'realinciil,  Hv  Bo^iuoin  PhlLlpa,  F.U.S.  Surgeon  and  l.«cturTr  on  Surfvry  lo  lb« 
U'««l«Uu*tar  Uoapltu.    1  vol-  tiro,  with  an  C'Ugravrd  pUte,  Vi*     tendon,  IBtA. 

"  Tbia  la  one  af  Mm  frw  booki  which  may  b»  aald  to  be  after  Ibt  efWe'l  nwD  btart.  It 
la  ■  book  tbal  wu  wanted  i  the  ot>>ei--t  of  it  It  rs<ellrot,  tl  ha*  bom  enrefally  plann«4 1  Um 
■•TMtigntlont  tMUlrcd  br  lb»  plan  bare  b««n  cand<tctcd  with  tb«  atneat  enerfy,  Indmlfy 
and  earafUnaa,  In  a  iuaHcntly  cii«Da|ve  flcld  and  over  «  anlBcieutly  lonf  p«riad  of  Umn  i 
Iba  Inuncnaa  maaa  of  malcrlnU  ib<ia  obtained  haa  b«en  eianlncd  «i»d  wrlglicd  «iil>  th« 
■mint  anrtMloa  and  ItnpaniaJlty  i  ibe  ln£tr«iic«a  and  rcauJIa  ba««  bcefl  hnneailr  ami 
eiMtoaahr  dfdnrtd  and  «lal>or«tMl,  and  <(ind«oaed  lalo  iba  tmaUcat  poaalblc  apnea  coo- 
rtatenl  with  |>er«pkaity  i  kIiIIo  ib«  wbol*  atytt  and  inanittr  of  the  compoallJon  la  ancb  an 
oufbt  to  charaderlar  the  pnxJurtkm  of  a  w«U>aducat«d,  a  learned,  and  an  exparicorcd 
tnrgcon."— ifnii«A  and  Fot<ifm  ilcJiad  Rewirw. 

PRIOHARD.  THE  NATl'BAL  HISTORY  of  HAN,  tompritlng  Inqulr- '  •  '•-  Modi- 
ftlng  Inflocnc*  of  Pbyaknl  and  Moral  Actnrlca  on  iht  diflcreiil  Tn  Uiinnn 

FamUy.    By  Jainca  Cowtr*  Pricbard,  M.D.  F.R.fl.  M  U.I.A.     Corrr.;  -^  oT 

Ibt  National  tnatltnte.of  the  R«yml  Acndrmy  of  Medicine,  aod  of  the  N^-.-t.^...  ■w..>»ty  «r 
Pranei  f  Mi-mt^'r  of  the  Amertcan  PiilloaopbJcal  todety,  &c.  Ac.  iliul  Kiiiiioni  anlars>d« 
Wfib  44  rolourrd  and  fi  nUlo  UluatratioDa,  BngniTcd  ou  aletfl.  ami  iC  •n^ratfnt*  M  «Mi« 
rofal  9ro.  etcgantly  bounn  In  cloih.    51«.  M, 

APPENDIX  lo  Ibc  PIR'tT  EDITION  of  Ibe  NATDBAL  HISTORY  of  MA^f.  Laffn 
Ihfo.  wllh  0  eala«ired  platao,  Sa.  Ad.    Loodon.  I»4&. 

SIX  KTnNUOIUPHICAL  MAPS,  as  a  9uDpl«a«ni  lo  Uw  NalUfal  RUInty  of  Han* 
and  lo  th«  Baaearrfve*  Into  iSe  Phpknl  lltainty  of  Manktnd.  Palln.  colctunrf,  <tud  I 
■bret  <rf  Irtler-preai.  2U. ;  btmBd  Is  rloth  board*,  91a.     London,  ItMft. 

ILLISTRATIUNS  to  th«  RILSEAR(lir<i  Into  the  PHV8ICAL  HIOTOBT  of  HAM- 
BIND.  Allaa  of  44  roloimd  nod  »  pUla  pUica,  engnind  oa  abeal,  laf««  ten.  haU. 
bound.  Ifla.     Loadoo.  ItMI. 

ON  lb«  DIFPEBXNT  FOBMS  ef  INAANPrT.  In  rrtatlon  In  JariapradMicn.  qiiSlllll 
to  Ihn  Lord  CbanceUorof  England.)     IVmo.  A*.      London.  tH3. 

L  RAYRR.    A  THEOnmCAL  and  PRACTICAL  TREATISE  on    Ibe    DISRATES  of  lb* 

I  bKIN.     By  P.  Bam,  H.D.  Ptir^lan  to  the  nc-ylial   dc  la  n^T\».    Tnii.Uto]  trt  K. 

I  Wlliu.  iJ.D.    ;iDil  KdlUon.  mnodcUeil  aad  ■mch  eolarg«l.  ''                               .'f  Lino 

I  I'airr",  <"tlb  alUa,  fojal  4lo.  of  S8  pfnlOT^  twrtT-aag**"^*  *'»'                                          '«alt^ 

I  cnrr.  eiblb)tln«4i'QVu1eilnorCiitaMwa  AMvttona.  4f.  tli.1  •>                                -t*.  !■ 

I  boanla,  U   Bc-t  Ibe  <ill»  4lo.  aafwMrir*  !■  bMfda.  «/  I«a,    Loadufl*  IB». 


Bf« 


VTotkB  PnbUaheA  \>r  H.  BaiUlere. 


BYAIf.    THR  PHILOSOPHT  of  MAnBIAGR,  In  lu  Social.  Moml.  and  Phritnl] 

with  an  Account  of  the  DlBeaun  of  the  Genllo- TrlnatTf  Otvani.  with  the  nrsfolovr  oP 
OvMratfon  In  the  Vegptobk  «nH  Animal  KlnRdMU.  Bf  H.  RTmo,  U.D.  4th  •dWOAj 
fn*lly  Improved,  I  rol,  );:inD.  6«-     LoadoD,  lCf49. 

SHQCKARS.  E38AV  od  Ibc  INIUGKNOCS  FOSSOBIAf,  HVMKSOPTEIIA j  com. 
prising  ■  DMKriptlon  of  the  Britliih  Sp^ip^  of  IturroM'init  SAtid  Wupt  eoalMotd  In 
mn  ihv  Uptropuliun  CollMtlaoB  j  with  ttidr  babita  aa  f ar  u  they  hare  becfi  otMcrrtd,  ttro. 

wllb  4  pUtM.     I^iodon,  1837.    iCIa.  '~ 

Plate  2.  IM  vrnthMg, 
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8YXE.    PRINCIPLES  of  SITBGRRV.    Hj  J.  STme,  Ptotemvt  of  Ctlnleal  Surverr  In 

Unlreratly  of  Kdtiibarsh.  Srd  edition,  ranch  enlaiiKnl,  and  lUustrated  wttb  14  plaWs  cw 
India  paper,  uid  S4  woodcats.    I  rol  i^vo.  '2U,    I^ndnn,  IMS. 

VOGSI.    AND    DAY.    THK    rATIIOI.n(n<:AL    ANATOMY  of   tb*    HUMAN    BQDT. 

By  Jiitliit  Vofftrl,  M.n.  Tmnilaled  (ruin  tb«  (iertnan.  wuh  addlUnnii,  by  Ovorg«  E. 
l>ay,  it  D.  Illnitrated  with  npMardi  of  LOO  plain  aud  coloured  tagravtnga,  6ro.  dolh, 
1»«,     Luodon,  1M7. 

WARDROP.     ON  BLOOr>.I.RTTING  ;  *n  Account  of  lb*  Cur^n  Eflecta  of  tha  AbMi 
tlan  of  Blnoii  i  with    Ualnt  Tut  ein[ttor''<K  ^^^  l^c»l  taA  general  BIood.L«ttlDg   In 
Irvalmcnl  ofDIiewea.     duio,  4m,     Loadon,  ISSS, 

WAIXRHOUBE.     A  NATUKAL  niSTOBT  of  tbe  MAMMALIA.    By  O.  R.  Wat^rhoai 

Esq.,  of  ih«  Briilsh  Muvrum.      Vol.    I.   contattilog  the  OnJer  tlanuplata,    or     Pcuclied 

AnlmaU.  trlib  22  IliuatraUona.  ptiprevcl  uu  ileel,  and  mengnringa  on  wood.  ioy«l  tif» 

•legaatly  bound  In  clotb,  rolouretl  platei,  RiM.  Gd ;  plain,  2'M. 

Vol.  II.     Paru  I  to  8  are  oaL. 

The  Natural  H'atvrj/  af  .Vamamliu  m  intended  to  rmbrneiv  on  acconn/  of  tkt  i 
mmd  hoMfa  «/  all  thf  known  M}>rrieM  itf  QtiadruptiU,  or  MammutUi  to  u-AicA  tritt  tm  t    _ 
•AaerasflSMi  m/iom  thnr  fctvrraphtcat  dittriiuttan  nwf  clattifictltioii.     Simct  tht  /omII  i 
recent  rpeciet  illuttrate  tach  oth^,  it  it  oUtt  intended  to  iiu-tude  nvttires  q/  fAc-  Im 
ctmntctrrw  of  the  ^-Jtinrt  tprflrt. 

The  Gentrtt,  amd  many  of  the  aperiea  •rilf  6e  UltttUrated  Ajf  emrrmlngM  tm  »terK  •md  hf 
wttodruts.  <Jf  IhM  latter,  belKten  /ifteen  and  tixtent  humdred  figvr^  trc  erremtt^,  T^ 
wudifimttamt  oSaermMe  in  the  ttmcltire  of  l^e  tkmlU,  teetkt /tet,  ONtf  alh^/MrU,  miU*« 
•Anosf  elMrttf  UhutrtUed  hp  gteel  engrarinfft. 

*•*  The  work  will  cootlnua  ta  be  publiabed  la  montblr  pvta^  16  art  oat  i  eoloand.  te 
Plain,  2<.  6d.  each. 


WII*I»IAM8.     ELEMENTS  of  MEDICINE:   Morbid  Polaoni.     Br  Bobert  XnilluiM.  U 

Pbpldatiloat.ThDmat's  Ho»pltal.      2  vola  Sro.  R  8«.  <ML    London,  ItOfi-^t. 
*••  Vol.  II,  teparately.  ItU.    IML. 
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